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Black-billed Cuckoos (Coccyzus erythropthalmus) and Yellow-billed Cuckoos (C. americanus) 
have experienced extensive range-wide population declines over the last several decades. 
However, as cuckoos are patchily distributed and hard-to-detect, population size and trend 
estimates are not always well supported and habitat requirements are poorly understood.  Low 
detection and weak habitat associations could be due in part to wide-ranging movements within 
and between breeding seasons. I set out to examine detection probability, habitat use, and 
movement dynamics of both species. I performed passive and call-broadcast surveys for cuckoos 
at 41 sites throughout northern Illinois in 2019 and 2020. I examined the influence of call 
broadcast and temporal and environmental covariates on detection probability and effects of 
habitat covariates on occupancy, immigration, and emigration. Detection probability increased 
substantially using call broadcasts (up to 6 and 12 times for Yellow-billed and Black-billed 
Cuckoos, respectively), but varied temporally and with environmental covariates. Black-billed 
Cuckoos were strongly associated with early successional habitat while Yellow-billed Cuckoos 
used older-successional or open woodland habitat. I also found strong support for movement 
within sites during the breeding season, indicating maintenance of large home ranges, movement 
between sites within the breeding season, and low site fidelity between years. While movements 
were affected by habitat covariates, these species’ reliance on ephemeral insect abundance may 
ultimately be driving these wide-ranging movements. These findings will improve monitoring 
and management efforts, but also imply the need for creating and protecting areas within a 
broader spatial context to allow these species to take advantage of both ephemeral successional 
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CHAPTER 1: GENERAL INTRODUCTION 
Habitat loss resulting from land-use change and agricultural intensification has led to widespread 
declines of North American birds (Reif 2013). Given limited resources, prioritizing species in 
greatest need of conservation and determining their habitat needs is of the utmost importance. 
However, this can be challenging for hard-to-detect, rare species, especially if they are dispersal 
prone (MacKenzie et al. 2005, Teitelbaum and Mueller 2019). These species may be 
undersampled by standard monitoring protocols (Beissinger et al. 2000) or have otherwise low 
detection probabilities that bias estimates of occupancy, population size, or trend (MacKenzie et 
al. 2002). For wide-ranging animals, especially those with nomadic tendencies, understanding 
movement strategies is important for effective conservation (Schlossberg and King 2007, Cottee-
Jones et al. 2016). Failing to account for dynamics tends to overestimate occurrence, which is 
especially dangerous for rare and declining species (Rota et al. 2009), and can also result in 
misunderstanding habitat associations, leading to misinformed conservation action. As such, 
understanding and accounting for life history traits is vital for addressing population declines. 
Black-billed Cuckoo (Coccyzus erythropthalmus) and Yellow-billed Cuckoo (C. 
americanus) populations have declined by 68% and 54%, respectively, since 1966 (Rosenberg et 
al. 2016). Loss of habitat like orchards and hedgerows in the early 20th century is thought to be a 
possible cause of these declines (Graber and Graber 1963). However, due to their elusive nature, 
population trends are not always well supported (Sauer et al. 2020) and our understanding of 
their habitat requirements is limited in eastern North America. Furthermore, their preference for 
irruptive prey has led many to propose they are nomadic, which, if true, could make conservation 
more difficult (Hamilton and Orians 1965, Cottee-Jones et al. 2016). Understanding habitat 
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requirements, as well as factors affecting detectability and movement dynamics is key to 
effective conservation of these species. 
Both Black-billed and Yellow-billed Cuckoos are difficult to detect. They are sit and wait 
predators, making them hard to see, and both have low call rates (Bohlen 1989, Halterman 2009, 
Hughes 2020a, b). Western Yellow-billed Cuckoo studies have found that call broadcasts 
significantly increase responsiveness (Halterman 2009) and that detection probability is greatest 
during the peak of the breeding season. However, these studies did not account for effects of 
environmental conditions (Robbins 1981) or potential movement dynamics when examining 
changes in detection over the course of the season. Factors affecting Black-billed Cuckoo 
detection probability are unknown. Estimating detection for both species using different survey 
types, while accounting for environmental and temporal variation, will enable managers to focus 
monitoring efforts and improve vital rate estimation. 
 Black-billed and Yellow-billed Cuckoo habitat associations are not consistent across 
studies. Most Yellow-billed Cuckoo research has focused on the western distinct population, 
with some studies in that region finding no local habitat associations (Dettling and Howell 2011, 
Sechrist et al. 2013). In the eastern U.S., Yellow-billed Cuckoos generally seem to be an early-
successional species (Hughes 2020b), though studies have shown conflicting relationships to tree 
density and canopy cover (Anderson and Shugart 1974, Blake and Karr 1987, Reiley and Benson 
2019). Black-billed Cuckoos have been documented using a diversity of habitats from 
shrublands to golf courses to interior forest (Hughes 2020a). However, studies are rarely species-
specific and few account for imperfect detection, which could result in misidentification of 




There is evidence both cuckoo species are wide-ranging and have low annual site fidelity. 
Western Yellow-billed Cuckoos use a large area during the breeding season, with estimates 
between 39 and 62 ha  (95% KDE; Halterman 2009, Sechrist et al. 2013), and while unknown, 
this may be the case for Black-billed Cuckoos. Furthermore, Sechrist et al. (2012) tracked one 
Yellow-billed Cuckoo over an entire year and found that it moved erratically throughout the 
breeding season, and a study using GPS locators recorded individuals sometimes moving over 
100 km (Callandra Stanley, Smithsonian Conservation Biology Institute, personal 
communication). In addition to within-season movements, low recapture and band resighting 
rates indicate these species have low between-season site fidelity (Canadian Wildlife service, 
unpublished data, as cited in Hughes 2020a, Halterman 2009). Movement at all these spatial and 
temporal scales could bias estimates of detection and occupancy probability, making it important 
to account for them accordingly. 
This thesis seeks to address issues of low detection probability and improve our 
understanding of Black-billed and Yellow-billed Cuckoo habitat requirements and movement 
strategies. Ultimately, this information is needed to effectively monitor populations, prioritize 
protection of sites within suitable landscapes, and improve habitat management within those sites 
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CHAPTER 2: CHANGES IN WITHIN-SEASON DETECTION AND OCCUPANCY OF 
TWO COCCYZUS CUCKOOS 
 
2.1 INTRODUCTION 
While one third of North American birds are in urgent need of conservation (NABCI 2016), 
assessing the status of rare and secretive species, especially those that are highly mobile, is 
particularly challenging (MacKenzie et al. 2005, Runge et al. 2014). Accounting for detection 
probability is now widely adopted in the wildlife sciences (Nichols et al. 2000, MacKenzie et al. 
2002, Guillera-Arroita et al. 2014) and can help accurately identify population vital rates 
(Thogmartin et al. 2006), including declines that may otherwise go unnoticed (Wilson and Bart 
1985). Accurately accounting for imperfect detection can be especially important for rare 
species, as failure to detect a decline could lead to misinformed conservation decisions (Rota et 
al. 2009). 
Detecting individuals requires: 1) availability, or the probability a bird is available for 
detection and 2) detectability, or the probability a bird is detected given it is available (Kendall 
1999, Farnsworth et al. 2002). Availability is largely a function of movement in or out of an 
observer’s detection radius, which could result from one-way dispersal or wide-ranging 
movements within a territory (Valente et al. 2017). Detectability is primarily due to bird activity, 
resulting in visual or auditory cues perceived by an observer (Brewster and Simons 2009). 
Understanding both availability and detectability and how they are affected by temporal and 
environmental factors improves our ability to effectively monitor a species and can reveal 
important biological processes. 
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 Properly accounting for detectability is vital for both monitoring and management. Given 
the difficulties of studying rare and cryptic bird species, most of what we know about their 
populations is informed by broad-scale, passive surveys like the North American Breeding Bird 
Survey (BBS; Sauer et al. 2020). While this program has provided invaluable information for 
tracking the status of North America’s birds, its utility is limited for hard-to-detect species 
(Rosenberg et al. 2017). Additionally, cryptic and rare species have inherently low detection 
probabilities, resulting in imprecise estimates even when incorporated into these broader surveys 
(MacKenzie et al. 2002, 2005). Call broadcast has long been used to improve survey accuracy 
(Johnson et al. 1981) and can be especially effective at increasing detectability of patchily 
distributed or hard-to-detect species (Sogge et al. 1997, Watson et al. 1999, Conway and Gibbs 
2005, Wingert and Benson 2018). Developing monitoring protocols that incorporate call 
broadcast may be needed to correctly determine the status of undersampled species (Beissinger 
et al. 2000). However, even with the use of call broadcast, individuals need to be present to be 
detected.  
Understanding availability, or movement dynamics, is critical for estimating population 
vital rates and defining conservation strategies (Cottee-Jones et al. 2016). While many studies 
assume distributions are stable during the breeding season, there is accumulating evidence to the 
contrary. Within-season movements have been demonstrated in many species and could be 
triggered by failed nest attempts, changes in vegetation structure, or changes in food availability 
(Klemp 2003, Betts et al. 2008b, Williams and Boyle 2019). Depending on the species, these 
movements may only be a few hundred meters, resulting in a small habitat patch becoming 
unoccupied, while others may move many kilometers, resulting in a larger area becoming 
unoccupied. Depending on the scale of movements, they may be driven by habitat composition at 
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either the patch or landscape scale. However, even small amounts of movement, like moving to 
distant areas of a home, can strongly bias detection and occupancy probabilities (Hayes and 
Monfils 2015), and failing to account for within-season movement often leads to overestimation 
of occurrence, which is especially problematic for rare and declining species (Rota et al. 2009). 
Furthermore, conventional conservation strategies may be insufficient for species that make 
wide-ranging, sometimes irregular movements that take them outside individual protected areas 
(Cottee-Jones et al. 2016). 
Black-billed Cuckoos (Coccyzus erythropthalmus) and Yellow-billed Cuckoos (C. 
americanus) are patchily distributed, hard-to-detect species (Hughes 2020a, b) that are declining 
across their breeding ranges (Rosenberg et al. 2016). Both species nest and forage in dense 
vegetation and are sit-and-wait predators that do not move frequently (Hughes 2020a, b), making 
them especially difficult to detect visually. Additionally, Yellow-billed Cuckoos’ passive call 
rate is estimated at just one per hour (Halterman 2009), and while unmeasured, Black-billed 
Cuckoos may call even less frequently (Bohlen 1989). Western Yellow-billed Cuckoo 
monitoring efforts have shown that broadcast surveys increase detection probability to 32% 
(Halterman 2009) and that detection is likely highest during the peak of the breeding season 
(McNeil et al. 2013).  However, neither study accounted for environmental variability, which can 
influence a species’ detectability (Robbins 1981). Additionally, Yellow-billed Cuckoos are 
relatively understudied in the eastern U.S., despite this region making up most of their breeding 
range, and variable arrival and breeding dates mean peak detectability likely differs regionally. 
Factors affecting Black-billed Cuckoo detection are unknown. Developing effective survey 
protocols and understanding how call broadcast, survey timing, and site conditions affect 
detection will make it easier to monitor and manage for these two declining species. 
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To compound the problems associated with low detection, both Black-billed and Yellow-
billed Cuckoos make short- and long-distance movements during the breeding season that would 
affect availability for detection. Yellow-billed Cuckoos and congeneric Mangrove Cuckoos (C. 
minor) have large home ranges, up to 62 ha (Sechrist et al. 2013) and 128 ha (Lloyd 2017), 
respectively, and while unknown, this could be the case for Black-billed Cuckoos. Locations for 
radio-tagged Yellow-billed Cuckoos averaged 800 m apart on subsequent days (Sechrist et al. 
2013), which could easily result in an individual going undetected at a stationary survey station 
while the larger area remained occupied. Furthermore, both cuckoo species are thought to be 
nomadic (Hamilton and Orians 1965), becoming more abundant in areas with insect outbreaks 
(Gale et al. 2001, Koenig and Liebhold 2005, Barber 2008), and Yellow-billed Cuckoos may 
disperse between breeding attempts (observed by Halterman 2009). Home-range movement and 
within-season dispersal would both violate the assumption that a population is closed during the 
breeding season (MacKenzie et al. 2002). Therefore, sampling and modeling strategies must 
consider the presence of within-season movement dynamics to make inferences about detection 
and occupancy probability. 
I explored detection probability and within-season movement dynamics of Black-billed 
and Yellow-billed Cuckoos in a dynamic occupancy modeling framework. Dynamic models 
account for both imperfect detection and the possibility of immigration and emigration 
(MacKenzie et al. 2003). I examined the efficacy of using call-broadcast surveys and accounted 
for environmental and temporal covariates to estimate detection probability. I explored habitat 
covariates that might influence variation in occupancy, immigration, and emigration probabilities 
and how these parameters may vary during the breeding season. Given evidence of large home 
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ranges and within-season dispersal, I performed analyses at two biologically relevant scales, the 




I selected 41 survey locations in northern Illinois (Fig. 2.1), a region where Black-billed and 
Yellow-billed Cuckoo breeding distributions overlap (Hughes 2020b, a). All locations were on 
public land located in Boone, Cook, DuPage, Kane, Lake, McHenry, and Winnebago counties, 
and contained forest and shrubland habitat. While this area is within the southern range of the 
Black-billed Cuckoo breeding distribution, this species is rare in Illinois (Kleen et al. 2004). To 
increase the probability of sampling locations suitable for Black-billed Cuckoos, roughly two-
thirds of sites included in my sampling had confirmed sightings in the past 10 years (eBird 2012, 
Brad Semel, Illinois Department of Natural Resources, personal communication). 
To select survey locations, I first overlaid selected public lands with a 50-m grid and 
chose a starting point from the grid located in potential cuckoo habitat (shrubland, forest, or 
edge) near a designated parking area. I then placed a transect through the longest access of 
potential habitat, selecting between 4 and 11 survey points, depending on site size and 
accessibility for surveyors. I spaced points 250 m apart, the upper limit at which Yellow-billed 
Cuckoo vocalizations can be detected (Halterman 2009), to maximize the total area covered 
during a survey while minimizing the potential of double counting individuals. I chose 345 





Point Count and Broadcast Surveys 
I conducted surveys between 15 May and 15 August in 2019 and 2020. I visited all sites 2 to 3 
times each year, with visits ≥3 weeks apart. I conducted surveys between 15 minutes prior to and 
4 hours after local sunrise. I conducted a 5-minute, unlimited radius, passive count at all even-
numbered transect points. At odd-numbered points, and following passive counts at even-
numbered points, I conducted a broadcast survey for Black-billed and Yellow-billed Cuckoos. 
Each individual species broadcast consisted of 3, 1-minute intervals, during which I played 
approximately 30 seconds of either Black-billed Cuckoo “croak” and “cucucu” calls or Yellow-
billed Cuckoo “knock”, “kowlp”, and “coo” calls (see descriptions below; Nelson 2004a, b, c, 
Driver 2005, Lane 2005) and listened for responses for the remaining 30 seconds. I randomly 
selected the order species broadcasts were played at each point and ended the broadcast as soon 
as the focal species was detected to minimize the chance an individual would follow surveyors to 
subsequent points. I included 1-minute of silence between broadcasts of each species to 
minimize potential impacts of response to heterospecifics, as assessing competition was not the 
focus of this study. I broadcast recordings using FOXPRO Firestorm game callers (FOXPRO 
Inc., Lewiston, PA, USA) at a standardized volume. 
In addition to recording presence or absence during passive and broadcast surveys, I 
recorded initial and minimum distance from the observer, detection type (visual, aural, or both 
cues), and vocalization type for each individual. Hughes (2020b) describes several different 
Black-billed Cuckoo vocalizations, the most common being the “cucucu” call, consisting of 2-5 
syllables on the same pitch.  Others include a quiet and scratchy “croak”, low “coo-oo” like that 
of the Yellow-billed Cuckoo, “mew” often given at the nest, an alarm call, a “pruh-pruh-pruh”, 
and “chuck” note. Hughes (2020b) also describe at least 6 Yellow-billed Cuckoo vocalizations, 
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including a rapid repeated “knock” and “kowlp”, low “coo”, a soft courtship related “coo”, rapid 
“cuk-cuk” given to nestlings, and a “mew” given in response to predators. Finally, I recorded 
wind speed (Beaufort scale), cloud cover (0-25%, 26-50%, 51-75%, 76-100%), temperature, and 
noise level (proportion of survey time during which hearing was significantly impaired: 0%, 1-
25%, 26-50%, 51-75%, 76-100%) on each survey, all of which were treated as continuous, 
ordinal variables. I did not survey in steady rain or high winds (>5 on the Beaufort scale).  When 
possible, I waited until loud noises (e.g., planes overhead) had ended to start surveys, but at 
times this was not possible (e.g., steady highway noise). 
 
Vegetation Sampling 
I measured vegetation cover and composition at each point using a modified BBIRD protocol 
(Martin et al. 1997). I collected these data after June 1 following tree leaf out, after which I 
considered the characteristics of interest, primarily related to woody vegetation, to be relatively 
stable. As such, I sampled most points once over the 2-year study, only resampling points where 
habitat management led to changes in vegetation cover (e.g., brush removal or prescribed 
burning).  
 I selected vegetation variables of interest based on prior research, especially that 
conducted near my study region (Graber and Graber 1963, Robinson et al. 1999, Wilson 1999). 
Variables were measured within an 11.3-m plot centered at the survey point and included: 1) 
total canopy cover, averaged over readings from a concave densiometer taken in the 4 cardinal 
directions; 2) average maximum height of the high canopy (>6 m); 3) average maximum height 
of the subcanopy (≤6 m); 4) number of small trees (8-23 cm diameter at breast height [DBH]); 5) 
number of medium trees (23-38 cm DBH); 6) proportion of the plot covered by shrubs ≤50 cm 
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(living woody vegetation including brambles and saplings); 7) proportion of the plot covered by 
brush ≤50 cm (dead woody vegetation, standing or fallen over); and 8) vertical vegetation cover 
between 0-2 m measured in 1% increments. I used a 2-m tall, 30.5-cm wide coverboard to 
determine vegetation density (Nudds 1977). I divided the coverboard into 4, 0.5-m tall segments, 
and visually estimated the proportion of each covered by vegetation when standing 11.3-m from 
the board. This was repeated in the 4 cardinal directions and I averaged these 4 measurements for 
each height class. Cover at all heights was at least moderately correlated (0.34 < r < 0.92) and 
was averaged into a single value.  
 
Spatial Analyses 
I used Geographic Information Systems to determine landscape composition surrounding the 
transects, as composition may influence longer distance dispersal out of sites. I created a 700-m-
radius buffer around transects, as this is a much larger area than the average 39-ha Yellow-billed 
Cuckoo home range (Halterman 2009). I used the 2016 National Landcover Database (NLCD) 
from the Multi-Resolution Land Characteristics Consortium (https://www.mrlc.gov/, Jin et al. 
2019) to determine the proportion of each buffer covered by: 1) developed areas (developed open 
space and low, medium, and high intensity development); 2) forest (deciduous, evergreen, mixed 
forest, and woody wetlands) 3) cultivated crops; and 4) open habitat (shrub/scrub, herbaceous, 
and hay/pasture). I was especially interested in available shrublands, defined in the NLCD as 
vegetation <5 m tall, typically making up >20% of the area. However, it is difficult to 
differentiate across the forest-shrubland-grassland gradient, and shrubland is often misclassified 
(Wickham et al. 2017). The shrub/scrub habitat classification within buffers was also low in both 
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amount and variation (Mean = 0.01 ± 0.003 SE). Therefore, I combined it into my open habitat 
classification, an indicator of increased edge habitat and early successional vegetation. 
 
Statistical Analyses 
I calculated passive call rate for each species as number of minutes I recorded vocalizations 
during a passive survey divided by total passive listening time at points where I detected a 
cuckoo during the passive or broadcast survey during any unique visit in 2019 or 2020. I 
recognize this is an overestimate, as some individuals likely went undetected during both passive 
and broadcast surveys. I determined detection type (visual, vocal, or both) at the level of 
individual cuckoos. Within each detection type, I calculated the relative frequency of each 
vocalization type, accounting for the same individual making multiple vocalizations during a 
survey. 
Based on prior research indicating Coccyzus spp. make within-season movements that 
would violate assumptions of population closure (Sealy 1985, McNeil et al. 2013, Sechrist et al. 
2013, Lloyd 2017), I analyzed my data in a dynamic occupancy modeling framework 
(MacKenzie et al. 2003).  Dynamic models allow for emigration and immigration between 
primary sampling periods while the population is closed within secondary samples. Here, I used 
the within-season visits as primary periods and the two surveys conducted during each visit 
(passive followed by broadcast) as secondary periods. I was interested in movement at two 
separate scales: 1) within sites and 2) between sites. However, available multi-scale, dynamic 
occupancy models (White and Burnham 1999) only estimate emigration and immigration at the 
largest scale. Therefore, I performed two separate, single-scale analyses, one at the point level, to 
look at movement within sites, and one at the site level, to look at dispersal out of sites. For site-
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level analyses, I used the same encounter history structure, but condensed it across the entire site 
and averaged habitat variables across individual transects. 
 To estimate detection probability I considered survey type (passive vs. broadcast), 
temporal variation across visits (Wilson and Bart 1985), and finally survey year, to account for 
including each site-by-year combination as separate values in the analysis. For models at the site 
level, I also included the number of transect points at a site to account for survey effort. I 
constructed single- and multi-variable additive models in this first step to determine variable 
importance. For the top model I then added covariates of wind, cloud cover, temperature, or 
noise, which I predicted would affect overall cuckoo activity, including movements and 
vocalization rate (O’Connor and Hicks 1980, Robbins 1981), as well as the ability of observers 
to detect cuckoos (Simons et al. 2007). To estimate initial occupancy, I first considered the 
influence of survey year, then used the best-ranked model (i.e., with or without year) to 
sequentially consider each individual vegetation covariate. For site-level analyses I also 
considered each of the four landscape variables (development, forest, crops, and open habitat). 
For emigration and immigration sub-model sets, I first examined temporal variation between the 
three primary periods, to account for migrants leaving after the first survey period, and 
considered year effects. If either ranked above the constant model, I then included it in additive 
models with individual vegetation variables, again including landscape variables for site-level 
analyses. Point- and site-level covariates are summarized in Table 2.1. Models were ranked using 
Akaike’s Information Criterion with a correction for small sample sizes (AICC; Hurvich and Tsai 
1989, Burnham and Anderson 2002). 
I used a sequential process to limit the number of models considered, starting with 
finding the best covariate structure for detection probability while holding other parameters 
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constant, then carrying that structure forward to subsequent models (i.e., the sequential-by-sub-
model approach described by Morin et al. 2020). I modelled initial occupancy second, then 
employed a slightly different strategy to model emigration and immigration, as there was not a 
convincing reason to examine one before the other.  First, I created a separate sub-model set for 
each parameter and identified well supported model structures (ΔAICC ≤ 2). I then created a final 
model set with all combinations of supported immigration and emigration structures. To examine 
the importance of allowing within-season dynamics, I included an additional model with the top-
ranked structures for detection and initial occupancy, but with emigration and immigration 
constrained to 0 (non-dynamic model; MacKenzie et al. 2003). 
In each sub-model set, I included a model holding the parameter of interest constant to 
help assess model fit. I performed all analyses in Program MARK v. 9.0 (White and Burnham 
1999). I interpreted coefficients using 85% CIs as this is more consistent with AIC model 
rankings (Arnold 2010). All sub-model sets are presented in Appendix A. 
 
2.3 RESULTS 
I surveyed all sites 3 times each year, except for 4 that were only surveyed twice in 2019. I 
conducted 473 passive and 993 broadcast surveys in 2019 and 492 passive and 1,029 broadcast 
surveys in 2020. Over the course of the study, I detected at least one Black-billed Cuckoo at 107 
of 345 unique survey points (31%) and 37 of 41 sites (90%). Yellow-billed Cuckoos were 
recorded at 210 points (61%) and 39 sites (95%) over the course of the study. Black-billed 
Cuckoos vocalized during 14 out of 315 minutes of passive listening (4.4%), and Yellow-billed 
Cuckoos 144 out of 1,005 minutes (14%). Roughly 20% of initial cuckoo detections were made 
after the 3-min conspecific broadcast survey. When Black-billed Cuckoo calls were played first, 
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79% of Black-billed Cuckoo detections were within the first 3 minutes. For Yellow-billed 
Cuckoos, 83% of detections were within the first 3 minutes. Broadcast order did not influence 
responsiveness. 
Both species were more likely to be detected by vocal cues alone (Fig. 2.2). However, 
Black-billed Cuckoos had a much greater chance of being detected using a combination of cues 
compared to Yellow-billed Cuckoos.  Both cuckoos were least likely to be detected by visual 
cues alone (Fig. 2.2). Black-billed Cuckoos made their repeated “cucucu” vocalization most 
frequently, followed by their “croak” call. The most frequent Yellow-billed Cuckoo vocalization 
was the “knock” call, followed by “kowlp” and “coo”.  I did not record any other vocalizations 
for either species, although there may have been some confusion between a more aggressive 
combination of the “cucucu” and “croak” calls and the alarm call of the Black-billed Cuckoo 
described by Hughes (2020a).  
 
Black-billed Cuckoo Point-level Analysis 
I examined 11 models describing Black-billed Cuckoo dynamic occupancy in the final set at the 
point level. Model selection uncertainty was high, with 6 models falling within 2 ΔAICC units of 
the top model (Table 2.2). The top predictors of detection probability at the point level were 
survey type and temperature (Table 2.2). Using broadcast significantly increased detection 
probability (Fig. 2.3A, Table 2.3).  Specifically, Black-billed Cuckoos were 12.3 times more 
likely to be detected when using a broadcast compared to using passive surveys alone. Detection 
also increased with temperature, though it remained low during passive surveys despite changes 
in temperature (Fig. 2.3A, Table 2.3).  I did not find support for temporal variation in detection at 
the point level. Initial occupancy probability decreased as average maximum canopy height 
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increased (Table 2.3), with mean initial occupancy estimated at 0.47 (85% CI: 0.18, 0.78). There 
was little evidence of a difference between the two survey years for either detection or initial 
occupancy. 
 There was strong support for Black-billed Cuckoo within-season dynamics at the point 
level. The non-dynamic model, assuming population closure between visits, ranked far below the 
top model (ΔAICC = 75.71; Table 2.2). In the top model, Black-billed Cuckoos were most likely 
to emigrate from sites with sparse vertical vegetation cover and immigrate to sites with low total 
canopy cover (Figs. 2.4A, C, Table 2.3). Canopy cover was the only well-supported variable in 
the immigration sub-model set, however there was selection uncertainty regarding emigration. 
The second and third competing emigration models, number of small trees (β = -0.11, 85% CI: -
0.22, 0.01) and the constant model (ε = 0.94, 85% CI: 0.87, 0.97), both had 14% model weight 
(Table 2.2). There was not support for temporal variation in immigration or emigration rates at 
the point level. Derived point occupancy probability was high but variable during the first survey 
round, then remained constant over the rest of the season (Fig. 2.5A). 
 
Black-billed Cuckoo Site-level Analysis 
In the site-level Black-billed Cuckoo analysis I examined 4 models and found evidence of model 
selection uncertainty, as the second model was competitive with the top model (ΔAICC  = 0.45; 
Table 2.4). The top detection model included survey type, temperature, and temporal variation 
(Table 2.4). At this scale, Black-billed Cuckoos were 140 times more likely to be detected using 
broadcast compared to passive surveys, and detection probability again increased with 
temperature (Fig. 2.3B, Table 2.3). However, temperature had little effect during passive 
surveys, except for the final survey round, when detection probability ranged from 16% at 18°C 
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(85% CI: 0.07, 0.33) to 45% at 23°C (85% CI: 0.24, 0.67). There was substantial evidence of 
seasonal temporal variation in this model, with detection probability greatest during the third 
survey round and lowest during the second (Fig. 2.3B, Table 2.3). Initial occupancy probability 
decreased as canopy cover increased (Mean ψ = 0.72, 85% CI: 0.55, 0.85, Table 2.3). There was 
little support for year effects in either parameter at the site level. 
There was substantial evidence of within-season dynamics at the site level, indicated by 
the low rank of the non-dynamic model (ΔAICC = 31.94; Table 2.4). Open habitat was the only 
well supported variable from the emigration sub-model set, and probability of emigration was 
greatest at sites with a low proportion of open habitat in the landscape (Fig. 2.4B, Table 2.3). 
Immigration probability varied between years and was greatest at sites with low canopy cover 
(Fig. 2.4D, Table 2.3, 2.4). Average immigration rate increased from 0.10 (85% CI: 0.05, 0.21) 
in 2019 to 0.24 (85% CI: 0.15, 0.36) in 2020. There was model selection uncertainty, with the 
second ranked immigration model, a function of year (β = 0.91, 85% CI: -0.05, 1.87) and 
proportion of developed area (β = -3.95, 85% CI: -7.26, -0.65), having 44% of the weight. There 
was not strong support for temporal variation in emigration or immigration at this scale, and 
derived occupancy was greatest at the beginning of the season, stabilizing in the final survey 
rounds (Fig. 2.5A). 
 
Yellow-billed Cuckoo Point-level Analysis  
For the point-level Yellow-billed Cuckoo analysis, I considered 23 models in the final set. No 
models were within 2 ΔAICC  units of the top model, though it had low model weight (wi  = 0.20; 
Table 2.5). The top detection model included effects of survey type, noise, and survey year 
(Table 2.5) and there was not support for seasonal temporal variation. Using broadcasts 
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increased detection probability by 6.2 times compared to passive surveys, and detection 
decreased with noise level, though passive detection remained relatively low regardless (Fig. 
2.6A, Table 2.6). Using broadcasts, average detection probability increased from 0.31 (85% CI: 
0.24, 0.39) in 2019 to 0.69 (85% CI: 0.61, 0.77) in 2020. Passive detection probability increased 
from 0.07 (85% CI: 0.05, 0.10) in 2019 to 0.27 (85% CI: 0.23, 0.33) in 2020. Initial occupancy 
probability decreased as subcanopy height increased at this scale (Mean = 0.22, 85% CI: 0.18, 
0.26; Table 2.6) and there was little support for year effects. 
 We found substantial support for Yellow-billed Cuckoo within-season dynamics at the 
point level as the non-dynamic model was poorly ranked (ΔAICC = 107.30; Table 2.5). In the top 
model, probability of both emigration and immigration increased with number of medium trees 
(Figs. 2.7A, C, Table 2.6). There was also evidence of variation in immigration probability 
between survey years, increasing from 0.14 (85% CI: 0.10, 0.20) in 2019 to 0.45 (85% CI: 0.39, 
0.51) in 2020. Derived point-level occupancy was lowest at the beginning of the season and 
remained at a similar probability for the last two survey rounds (Fig. 2.5B). 
 
Yellow-billed Cuckoo Site-level Analysis 
At the site level, there were no competing models in the emigration or immigration sub-model 
sets. Thus, I only considered three models in the final set, with the top model receiving all the 
support (Table 2.7). The best detection model included additive effects of survey type, transect 
length, and temperature (Table 2.7). Detection was 3.7 times more likely using a broadcast 
survey compared to a passive survey (Fig. 2.6B, Table 2.6). Holding other variables at their 
mean, site-wide passive detection increased from 0.12 (85% CI: 0.05, 0.16) at sites with 4 survey 
points to 0.39 (85% CI: 0.20, 0.45) at sites with 10 while detection during broadcast increased 
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from 0.50 (85% CI: 0.24, 0.76) to 0.95 (85% CI: 0.80, 0.99). Detection probability, including 
passive detection, increased with temperature, with passive detection increasing from 0.14 (85% 
CI: 0.05, 0.31) at 14°C to 0.48 (85% CI: 0.38, 0.58) at 22°C. Initial occupancy probability at the 
site level decreased with increasing shrub cover and was higher in 2020 than in 2019 (Mean 
ψ2019 = 0.41, 85% CI: 0.26, 0.58; Mean ψ2020 = 0.65, 85% CI: 0.50, 0.78; Table 2.6). 
At the site level, the non-dynamic model had little support (ΔAICC  = 63.75), indicating 
presence of Yellow-billed Cuckoo within-season dynamics. In the top model, survey year and 
proportion of development in the landscape were the best predictors of both emigration and 
immigration probability (Table 2.7). Emigration probability increased while immigration 
decreased with proportion of development in the landscape (Fig. 2.7B, D). Emigration also 
decreased between 2019 and 2020 (Mean ε2019 = 0.80, 85% CI: 0.64, 0.90; Mean ε2020 = 0.17, 
85% CI: 0.08, 0.30) while immigration increased between years (Mean γ2019 = 0.33, 85% CI: 
0.22, 0.47; Mean γ2020 = 0.92, 85% CI: 0.73, 0.98). Derived occupancy was slightly lower at the 
beginning of the season (Fig. 2.5B). 
 
2.4 DISCUSSION 
I identified factors affecting cuckoo detection probability and found evidence of within-season 
movement at both the point level and site level. Differences in vocalization rates across the 
season and even between the sexes (Catchpole and Slater 1995, cited by Slater and Mann 2004) 
could have been confused with evidence of movement dynamics. However, my results show 
passive call rate is always low, suggesting these factors would have a limited impact on overall 
passive detection probability. Broadcast surveys substantially increase detection of Black-billed 
and Yellow-billed Cuckoos, and this increase in responsiveness largely occurs outside of natural 
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changes in call rate related to seasonality, sex, or other factors. This suggests non-detection 
during a broadcast survey is less likely a result of cuckoos’ secretive nature, but rather a result of 
a point or site becoming unoccupied. High occupancy early in the season for Black-billed 
cuckoos, and low occupancy for Yellow-billed Cuckoos indicates some movement was likely 
related to migration. However, as study-wide occupancy at both scales remained relatively stable 
during the last two survey rounds, there is support for both Black-billed and Yellow-billed 
Cuckoos using large home-ranges and dispersing out of these home-ranges over the course of the 
breeding season. 
 Yellow-billed Cuckoos were more likely to be detected using vocal cues while Black-
billed Cuckoos were detected more often using both vocal and visual cues. Yellow-billed 
Cuckoos are louder, and I was able to detect them at a distance of 250 m or more, consistent with 
findings by (Halterman 2009). This also meant I discontinued surveys before birds became more 
agitated and were lured closer to survey stations. When Yellow-billed Cuckoos did get close to 
observers, they tended to respond with their “knock” call, suggesting this may be an aggressive 
response to conspecifics. My results also support that Black-billed Cuckoos call at lower 
volumes (Bohlen 1989), as individuals were more likely to be visible, and closer, to observers. 
While I recorded their “cucucu” call most often, they were most likely to initially respond to 
conspecific broadcasts with their “croak” call, or a combination of the two, which I believe is the 
alarm call described by Hughes (2020b). However, by itself the “croak” call is very quiet, and I 
may have been less likely to detect it compared to the “cucucu” call. 
Using a dynamic approach allowed me to separate availability from detectability, both 
improving estimation of this parameter and revealing temporal variation in detection. Previously, 
McNeil et al. (2013) found Western Yellow-billed Cuckoo detection peaked along with number 
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of active nests. However, as they did not account for breeding season dynamics, this pattern may 
have been due to the late arrival and early departure of migrants. I found that site-level Black-
billed Cuckoo detection probability was lowest in the middle of the season, which could be a 
result of decreased responsiveness of breeding birds. This is consistent with unmated individuals 
in many species being more vocal (Wilson and Bart 1985, and citations therein), possibly related 
to mate attraction rather than territory defense (Best 1981). Indeed, Yellow-billed Cuckoos show 
minimal territoriality and overlapping, flexible home-ranges (Halterman 2009), implying they 
and Black-billed Cuckoos might follow this trend. There was not support for seasonal variation 
in Yellow-billed Cuckoo detection, however.  As Yellow-billed Cuckoos are more numerous in 
Illinois than Black-billed Cuckoos (Kleen et al. 2004), there could have been more non-breeding 
individuals that obscured this pattern. Rather, I observed stronger year effects at the point level 
and effects of survey effort at the site level. Larger sites with more transect points likely 
supported more individuals, and greater abundance and density have been shown to increase 
detectability (McShea and Rappole 1997, Royle and Nichols 2003). Variable abundance, 
migration and breeding dates (Bohlen 1989, Barber 2008, Hughes 2020a) could have caused 
annual differences in detection, as well as other parameters. More work is needed to determine 
when surveys are most likely to detect breeding birds, however, conducting early or late season 
surveys could still be useful for identifying important stopover habitat. 
Detection probability increased with temperature for both species. This positive 
relationship with temperature seems to be a common pattern as O’Connor and Hicks (1980) and 
Robbins (1981) found the majority of birds they examined showed this same response. This 
relationship could be due to call rate increasing along with temperature (Robbins 1981 and 
citations therein) or increased activity, as insectivore foraging success can increase as insects 
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become more active, and noticeable, at warmer temperatures (Casey 1976, Avery and Krebs 
1984, Fitzgerald et al. 1988, Levesque et al. 2002). Given temperature effects, and that I 
observed cuckoos calling later in the morning, it may be best to delay starting surveys on 
especially cold days to take advantage of greater detection probability.  
 Accounting for dynamics at multiple scales revealed two distinct movement patterns. 
Although movement at the beginning of the season was likely due to migrants, strong rejection 
of the non-dynamic models (Rota et al. 2009) and lack of support for temporal variation in 
immigration and emigration suggest that Black-billed and Yellow-billed Cuckoos continued to 
move between points and between sites between the second and third survey rounds. This 
indicates that both species maintain large home-ranges and disperse out of sites during the 
breeding season. This is further supported by occupancy estimates at both scales, which aligned 
with migration timing and breeding distribution of each species. Northern Illinois is near the 
southern edge of Black-billed Cuckoo breeding range (Hughes 2020b), and I found occupancy 
was greatest early in the season, consistent with most individuals stopping over at sites before 
moving farther north to breed, but constant over the final two survey rounds. Likewise, Yellow-
billed Cuckoos primarily breed south of my study sites (Hughes 2020a), and occupancy was 
greater during the final two survey rounds, consistent with migrants taking longer to reach 
northern breeding grounds. While point- and site-level movement could be confounded (Rota et 
al. 2009), Yellow-billed Cuckoos both leaving and moving to habitat patches with more medium 
trees is a good indication of home-range movement rather than dispersal.  
Support for within-season dynamics confirms previous observations. Yellow-billed 
Cuckoos have large home ranges (Halterman 2009, Sechrist et al. 2013) and frequently move 
early in the season and between nest attempts (observed by Halterman 2009, Sechrist et al. 
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2012). GPS data also shows Yellow-billed Cuckoos regularly move >100 km during the 
breeding season (Callandra Stanley, Smithsonian Conservation Biological Institute, personal 
communication). As part of a concomitant study, I tagged 6 Black-billed Cuckoos with radio-
transmitters and observed individuals flying large distances between foraging sites (Mean = 
136.3 m ± 19 SE) and noted that all individuals left receiver range an average 9 days after 
capture, including two individuals with confirmed nests (Appendix C; Table C.1).  Given 
evidence of within-season dynamics, I stress that management decisions should be based on 
several years of occupancy data, as a previously unoccupied site may be used in the future. 
 My dynamic occupancy approach also provided more information about cuckoo habitat 
associations than would have been gained otherwise (McClure and Hill 2012). Black-billed 
Cuckoos clearly preferred young, shrubby habitat within open landscapes while Yellow-billed 
Cuckoos selected habitat patches with an older tree layer and shorter understory, avoiding sites 
with a high proportion shrub cover and development in the surrounding area. This is in conflict 
with previous observations that Black-billed Cuckoos use interior forest habitat more often than 
Yellow-billed Cuckoos (Hughes 2020b) and are associated with forest cover at the landscape 
scale in Bird Conservation Region 23, primarily consisting of Wisconsin (Thogmartin and 
Knutson 2007). The shift in Black-billed Cuckoo habitat use in their southern breeding range 
could indicate they are being excluded due to competition with Yellow-billed Cuckoos (Wiens et 
al. 2014). However, as both species rarely responded aggressively to congeneric calls, Black-
billed Cuckoos’ association with forests in northern regions is more likely due to changes in 
habitat availability rather than interspecific competition. Illinois only has 13% forest cover, most 
of it in the southern part of the state, while Wisconsin is 49% forested (Vogt and Smith 2017), 
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and transitional, shrubby habitat is more likely to occur within or near forests rather than in 
isolated patches.  
Within-season dispersal has been recorded in a diversity of species. It can be triggered by 
a failed nest attempt (Williams and Boyle 2019), changes in habitat structure (Betts et al. 2008b), 
seasonal fluctuations in food availability (Klemp 2003), predation pressure (Wesołowski et al. 
2009), prospecting for future breeding or foraging sites (Bennetts and Kitchens 2000, Betts et al. 
2008a, Cooper and Marra 2020), or individual age (Wheat et al. 2018 (Hipkiss et al. 2002, Côte 
et al. 2007, Kerlinger et al. 2017). Given cuckoos’ sensitivity to irruptive insect populations, I 
believe that food availability likely plays a major role in cuckoo movements. Energy 
requirements and preference for larger, patchily distributed prey items could be one reason for 
maintaining a large home-range and readily dispersing during the breeding season. Indeed, as 
part of my telemetry study (Appendix C), I collected and genetically analyzed fecal samples, 
finding that Black-billed Cuckoos consume primarily Lepidopterans, with many sequences 
assigned to the family Erebidae, a diverse group of macromoths (Appendix D; Table D.1). 
Coccyzus spp. cuckoos have the highest ratio of egg to body weight of any altricial bird (Lack 
1968 cited by Wilson 1999) and one of the shortest developmental periods (Spencer 1943, Preble 
1957), which would demand adults acquire a large amount of food for nestlings. Declines in 
caterpillar availability later in the season after young have fledged would likely require foraging 
over an even larger area (Sealy 1985). 
 My results clearly indicate within-season movements are important and that broadcast 
surveys are essential for determining occupancy and habitat use. An important next step would 
be assessing age, reproductive status, and breeding success of individuals, measuring changes in 
local conditions (especially insect abundance), and relating them to movement. While this 
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information can be difficult to collect, it will provide valuable knowledge about what aspects of 
cuckoo biology are driving the observed patterns. Additionally, as my approach of examining 
detection and within-season dynamics requires only detection/non-detection data, it could serve 
as a useful framework for understanding other cryptic and rare species. Specifically, from a 
conservation standpoint, evidence of within-season dynamics for a growing number of species 
suggests the assumption that many birds are more seasonally static could lead to ineffective 
conservation decisions (Cottee-Jones et al. 2016). Managers must account for low detection 
probability and within-season movement dynamics in monitoring programs to differentiate 




2.5 TABLES AND FIGURES 
Table 2.1. Environmental, vegetation, and landcover covariates used in Black-billed and Yellow-billed Cuckoo dynamic occupancy 
models for point- or site-level analyses. 
 Variable Mean SE Min. Max.  Mean SE Min. Max. 
Local 
(11.3 m)      
Landscape 
(700 m)     
 Cloud Cover 2.27 0.51 1 4  2.29 0.14 1 3.38 
 Wind 1.13 0.46 0 6  1.14 0.09 0.55 2.09 
 Temperature (°C) 19.2 1.74 4 30  19.2 0.33 16.21 21.94 
 Noise 0.81 0.35 0 4  0.84 0.12 0.17 2.17 
 Small Trees (8-23 cm DBH) 7.76 2.04 0 28  7.72 0.76 3 14.44 
 Medium Trees (23-38 cm DBH) 2.16 0.7 0 13  2.11 0.27 0.43 5.33 
 Canopy Cover (%) 73.29 9.22 0 99.48  73.26 3.31 30.42 95.68 
 Canopy Height (m) 14.8 2.3 0 34.44  14.57 1.03 6.01 24.03 
 Subcanopy Height (m) 2.16 0.51 0 6  2.2 0.23 0.17 4.41 
 Shrub Cover (%) 17.34 5.28 0 83.5  17.48 2.17 4 49.44 
 Brush Cover (%) 3.05 1.46 0 33.75  3.12 0.59 0.1 11.95 
 Vertical Vegetation Cover (%) 49.25 7.74 1.56 99.56  49.8 3.32 16.02 71.9 
 Point      8.39 0.24 4 11 
 Developed Area (%)      23.58 3.28 78.91 4.70 
 Forest (%)      38.57 3.59 84.87 4.26 
 Cultivated Crops (%)      10.93 0.00 54.23 3.32 





Table 2.2. Candidate models describing within-season Black-billed Cuckoo initial occupancy (ψ), emigration (ε), immigration (γ) and 
detection probability (p) at the point level.  Models were ranked using Akaike’s Information Criterion adjusted for small sample sizes 
(AICC). I present ΔAICC, the difference between the AICC score for a given model and the top model, K, the number of model 
parameters, and model weight (wi).  The top detection model included the additive effects of survey type (broadcast) and temperature 
(temp). AICC for the top model was 940.93. There was model uncertainty, but the non-dynamic model (bold/italic) ranked far below 
the top model. Surveys were conducted in northern Illinois in 2019-2020. 
Model K ΔAICC wi 
p(broadcast + temp)ψ(canopy height)ε(vertical cover)γ(canopy cover) 9 0.00 0.22 
p(broadcast + temp)ψ(canopy height)ε(stree)γ(canopy cover) 9 0.91 0.14 
p(broadcast + temp)ψ(canopy height)ε(.)γ(canopy cover) 8 0.91 0.14 
p(broadcast + temp)ψ(canopy height)ε(canopy cover)γ(canopy cover) 9 1.58 0.10 
p(broadcast + temp)ψ(canopy height)ε(medium tree)γ(canopy cover) 9 1.68 0.09 
p(broadcast + temp)ψ(canopy height)ε(% brush)γ(canopy cover) 9 1.68 0.09 
p(broadcast + temp)ψ(canopy height)ε(year)γ(canopy cover) 9 2.00 0.08 
p(broadcast + temp)ψ(canopy height)ε(% shrub)γ(canopy cover) 9 2.18 0.07 
p(broadcast + temp)ψ(canopy height)ε(round)γ(canopy cover) 9 2.84 0.05 
p(broadcast + temp)ψ(canopy height)ε(.)γ(.) 7 6.51 0.01 
p(broadcast + temp)ψ(canopy height) 5 75.71 0.00 
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Table 2.3. Parameter estimates and 85% confidence intervals for the AICC best-ranked model at 
the point and site level for Black-billed Cuckoos. Parameters include initial occupancy (ψ), 
emigration (ε), immigration (γ), and detection probability (p). Detection was modeled using 
survey type (broadcast), temperature (temp), temporal variation across the breeding season 
(round), and difference between surveys conducted in 2019 and 2020 (year). 
Point 
 Variable β LCI UCI 
ψ intercept 0.74 -1.14 2.61 
 canopy height -0.06 -0.11 -0.01 
ε intercept 4.32 2.42 6.22 
 vertical cover -0.04 -0.06 -0.01 
γ intercept -0.85 -2.36 0.66 
 canopy cover -0.02 -0.03 -0.01 
p intercept -5.77 -6.74 -4.80 
 broadcast 2.51 1.85 3.17 
 temp 0.12 0.07 0.18 
Site 
 Variable β LCI UCI 
ψ intercept 4.84 1.27 8.41 
 canopy cover -0.05 -0.10 -0.01 
ε intercept 3.20 1.97 4.44 
 % open habitat -9.03 -13.76 -4.30 
γ intercept 1.16 -1.15 3.47 
 year 0.98 -0.01 1.98 
 canopy cover -0.05 -0.08 -0.01 
p round1 -8.02 -10.76 -5.28 
 round2 -8.74 -12.35 -5.14 
 round3 -6.21 -9.19 -3.23 
 broadcast 4.94 3.62 6.25 
 temp 0.26 0.12 0.40 
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Table 2.4. Candidate models describing within-season Black-billed Cuckoo initial occupancy (ψ), emigration (ε), immigration (γ) and 
detection probability (p) at the site level.  Models were ranked using Akaike’s Information Criterion adjusted for small sample sizes 
(AICC).  I present ΔAICC, the difference between the AICC score for a given model and the top model, K, the number of model 
parameters, and model weight (wi). The top detection model included the additive effects of survey type (broadcast), temporal 
variation (round), and temperature (temp). AICC for the top model was 298.81. There was model uncertainty, though the non-dynamic 
model received no support (bold/italic). Surveys were conducted in Illinois in 2019-2020. 
Model K ΔAICC wi 
p(broadcast + round + temp)ψ(canopy cover)ε(% open habitat)γ(year + canopy cover) 12 0.00 0.56 
p(broadcast + round + temp)ψ(canopy cover)ε(% open habitat)γ(year + % developed) 12 0.45 0.44 
p(broadcast + round + temp)ψ(canopy cover)ε(.)γ(.) 9 10.71 0.00 
p(broadcast + round + temp)ψ(canopy cover) 7 31.94 0.00 
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Table 2.5. Candidate models describing within-season Yellow-billed Cuckoo initial occupancy (ψ), emigration (ε), immigration (γ) 
and detection probability (p) at the point level.  Models were ranked using Akaike’s Information Criterion adjusted for small sample 
sizes (AICC). I present ΔAICC, difference between AICC score for a given model and the top model, K, the number of model 
parameters, and model weight (wi).  The top detection model included the additive effects of survey type (broadcast), survey year, and 
noise. AICC for the top model was 2055.55 and the non-dynamic model (bold and italic) ranked poorly. Surveys were conducted in 
northern Illinois in 2019-2020. 
 
Model K ΔAICC wi 
p(broadcast + year + noise)ψ(subcanopy height)ε(medium tree)γ(year + medium tree) 11 0.00 0.20 
p(broadcast + year + noise)ψ(subcanopy height)ε(medium tree)γ(year + subcanopy height) 11 2.07 0.07 
p(broadcast + year + noise)ψ(subcanopy height)ε(subcanopy height)γ(year + medium tree) 11 2.25 0.06 
p(broadcast + year + noise)ψ(subcanopy height)ε(.)γ(year + subcanopy height) 10 2.42 0.06 
p(broadcast + year + noise)ψ(subcanopy height)ε(% shrub)γ(year + medium tree) 11 2.43 0.06 
p(broadcast + year + noise)ψ(subcanopy height)ε(.)γ(year + medium tree) 10 2.63 0.05 
p(broadcast + year + noise)ψ(subcanopy height)ε(canopy cover)γ(year + medium treet) 11 2.71 0.05 
p(broadcast + year + noise)ψ(subcanopy height)ε(canopy height)γ(year + canopy height) 11 2.76 0.05 
p(broadcast + year + noise)ψ(subcanopy height)ε(% shrub)γ(year + subcanopy height) 11 2.76 0.05 
p(broadcast + year + noise)ψ(subcanopy height)ε(vertical cover)γ(year + medium tree) 11 3.16 0.04 
p(broadcast + year + noise)ψ(subcanopy height)ε(vertical cover)γ(year + subcanopy height) 11 3.24 0.04 
p(broadcast + year + noise)ψ(subcanopy height)ε(canopy cover)γ(year + subcanopy height) 11 3.30 0.04 
p(broadcast + year + noise)ψ(subcanopy height)ε(medium tree)γ(year + canopy height) 11 3.53 0.03 
p(broadcast + year + noise)ψ(subcanopy height)ε(subcanopy height)γ(year + canopy height) 11 3.59 0.03 
p(broadcast + year + noise)ψ(subcanopy height)ε(canopy height)γ(year + subcanopy height) 11 3.72 0.03 
p(broadcast + year + noise)ψ(subcanopy height)ε(% shrub)γ(year + canopy height) 11 3.97 0.03 
p(broadcast + year + noise)ψ(subcanopy height)ε(.)γ(year + canopy height) 10 3.98 0.03 
p(broadcast + year + noise)ψ(subcanopy height)ε(canopy height)γ(year + medium tree) 11 4.02 0.03 
p(broadcast + year + noise)ψ(subcanopy height)ε(canopy cover)γ(year + canopy height) 11 4.21 0.02 
p(broadcast + year + noise)ψ(subcanopy height)ε(vertical cover)γ(year + canopy height) 11 4.62 0.02 
p(broadcast + year + noise)ψ(subcanopy height)ε(canopy height)γ(year + canopy height) 11 5.77 0.01 
p(broadcast + year + noise)ψ(subcanopy height)ε(.)γ(.) 8 22.80 0.00 
p(broadcast + year + noise)ψ(subcanopy height) 6 107.30 0.00 
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Table 2.6. Parameter estimates and 85% confidence intervals for the AICC best-ranked model at 
the point and site level for Yellow-billed Cuckoos. Parameters include initial occupancy (ψ), 
emigration (ε), immigration (γ), and detection probability (p). Detection was modeled using 
survey type (broadcast), transect length (point), temperature (temp), and difference between 
surveys conducted in 2019 and 2020 (year). 
Point 
 Variable β LCI UCI 
ψ intercept -0.85 -1.18 -0.51 
 subcanopy height -0.19 -0.31 -0.08 
ε intercept -0.87 -1.36 -0.38 
 medium tree 0.17 0.05 0.29 
γ intercept -2.10 -2.55 -1.65 
 year 1.58 1.11 2.04 
 medium tree 0.15 0.06 0.24 
p intercept -2.00 -2.37 -1.63 
 year 1.61 1.22 2.00 
 broadcast 1.83 1.52 2.14 
 noise -0.76 -0.92 -0.60 
Site 
 Variable β LCI UCI 
ψ intercept 0.89 -0.36 2.13 
 year 1.00 0.21 1.78 
 % shrub -0.07 -0.13 -0.02 
ε intercept -0.44 -1.21 0.33 
 year -2.98 -4.18 -1.79 
 % development 7.61 4.23 10.98 
γ intercept 0.87 -0.04 1.78 
 year 3.10 1.63 4.58 
 % development -6.56 -9.64 -3.48 
p intercept -6.98 -10.02 -3.93 
 broadcast 1.31 0.23 2.40 
 point 0.51 0.21 0.80 





Table 2.7. Candidate models describing within-season Yellow-billed Cuckoo initial occupancy (ψ), emigration (ε), immigration (γ) 
and detection probability (p) at the site level.  Models were ranked using Akaike’s Information Criterion adjusted for small sample 
sizes (AICC). I present ΔAICC, the difference between the AICC score for a given model and the top model, K, the number of model 
parameters, and model weight (wi). The top detection model included the additive effects of survey type (broadcast), transect length 
(point), and temperature (temp). The top model was well supported and had an AICC of 460.90. The non-dynamic model received no 
support (bold/italic). Surveys were conducted in Illinois in 2019-2020. 
Model K ΔAICC wi 
p(broadcast + point + temp)ψ(year + % shrub)ε(year + % developed)γ(year + % developed) 13 0.00 1.00 
p(broadcast + point + temp)ψ(year + % shrub)ε(.)γ(.) 9 49.30 0.00 






Fig. 2.1. Locations surveyed for Black-billed Cuckoos and Yellow-billed Cuckoos throughout 






Fig 2.2. I recorded 143 and 506 unique detections of Black-billed and Yellow-billed Cuckoos 
during passive or broadcast surveys conducted in northern Illinois in 2019-2020.   Detections 
were made using visual, vocal, or both visual and vocal cues.  I also recorded vocalization type 
for each response as described by (Hughes 2020a, b). I accounted for individuals responding with 




Fig 2.3. Predicted effects of temperature and survey type (passive or broadcast) on Black-billed 
Cuckoo detection probability at the point level (A). The additive effects of survey round and 
temperature were the strongest predictors at the site level (B; number indicates survey round). 




Fig 2.4. Predicted covariate effects from the AICC best-ranked within-season dynamic occupancy 
model for Black-billed Cuckoos. Vertical vegetation cover was the best predictor of emigration 
probability at the point level (A) while proportion of open habitat was the best at the site level 
(B). Canopy cover was the best predictor of immigration at the point level (C) and the additive 
effects of year and canopy cover were best at the site level (D; year held at the mean). Shown with 





Fig. 2.5. Derived occupancy at the point level and site level for Black-billed Cuckoos (A) and 
Yellow-billed Cuckoos (B). Estimates are from the AICC best-ranked within-season dynamic 




Fig 2.6. Additive effects of noise, year, and survey type (passive or broadcast) were the best 
predictors of Yellow-billed Cuckoo detection probability at the point level (A; year held at the 
mean). Survey type, transect length, and temperature were the best predictors at the site level (B; 






Fig. 2.7. Predicted covariate effects from the AICC best-ranked within-season dynamic occupancy 
model for Yellow-billed Cuckoos. Number of medium trees was the best predictor of emigration 
probability at the point level (A) while the additive effects of year and proportion of development 
were the best predictors at the site level (B; year held at the mean). The additive effects of year 
and number of medium trees were the best predictors of immigration at the point level (C; year 
held at the mean). Proportion of development around a site and year were the best predictor at the 
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CHAPTER 3: MULTI-SCALE HABITAT USE AND INTERANNUAL OCCUPANCY 
DYNAMICS OF TWO COCCYZUS CUCKOOS 
 
3.1 INTRODUCTION 
Loss of breeding habitat is a major driver of North American bird declines (Reif 2013). 
Unfortunately, determining habitat requirements and appropriate conservation action is difficult 
for hard-to-detect and rare species (Beissinger et al. 2000), more-so if they are wide-ranging or 
dispersal prone (Cottee-Jones et al. 2016, Teitelbaum and Mueller 2019). Many studies do not 
consider spatial and temporal scale when identifying habitat relationships (Wiens 1989, 
McGarigal et al. 2016). Failing to account for spatial hierarchical selection (Johnson 1980) can 
result in a misunderstanding of habitat suitability and misinformed management actions (Wiens 
1989, Green et al. 2019). Furthermore, species with nomadic tendencies can occupy vastly 
different areas from year to year (Webb et al. 2017). As such, identifying movement strategies, 
and the factors driving them, is also necessary to understand habitat selection and changes in 
distributions (MacKenzie et al. 2003, Schlossberg and King 2007, Green et al. 2019). Models that 
account for these scale effects, as well as imperfect detection of cryptic species, will help direct 
limited conservation resources to maximize their benefit. 
 Spatial scale has long been considered important for understanding ecological 
relationships (Wiens 1989), but few studies use multi-scale approaches (McGarigal et al. 2016). 
Large-scale monitoring programs are often criticized for being unable to provide information 
about local conditions (Downes et al. 2005) while relationships from small-scale studies can be 
difficult to generalize beyond a study area (Wiens 1989, Beaudry et al. 2010). It can be more 
informative, and important, to consider both scales simultaneously, especially how habitat 
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relationships at one scale relate to those at another scale. For example, a species’ response to the 
same variable can vary in magnitude and direction (Sherry and Holmes 1988, Chiavacci et al. 
2018) or they may respond strongly to different variables (Hagen et al. 2016) depending on the 
extent being considered. As such, generalizing from a single scale can lead to misunderstanding a 
species’ ecology. Likewise, habitat relationships at different spatial scales have important 
management implications. Accounting for landscape context can help prioritize protecting areas 
that are most likely to benefit a species of interest, while local habitat relationships can guide 
management strategies within a protected area (Downes et al. 2005, Duren et al. 2011, Green et 
al. 2019). 
 Species with nomadic tendencies have highly variable distributions and local populations 
(Schlossberg 2009, Green et al. 2019). Some species respond to resource pulses (Newton 2006, 
Dean et al. 2009, Webb et al. 2017) while others behave nomadically for part of the year or part of 
their lifecycle (Lenz et al. 2015, Wheat et al. 2017).  At large spatial scales, this has implications 
for conservation strategies, which often assume distributions are static (Woinarski et al. 1992, 
Runge et al. 2014, Cottee-Jones et al. 2016). At small spatial scales, failing to account for 
movement dynamics can result in a misunderstanding of habitat use, because suitable habitat 
sometimes goes unoccupied (Green et al. 2019) while seemingly low-quality habitat is 
occasionally occupied (Battin 2004). For highly mobile species, accounting for annual dynamics 
can improve our understanding of habitat associations. 
 There is evidence Coccyzus cuckoos have high annual site-level turnover and they have 
been described as post-migratory nomads, locating areas with increased resource abundance 
before settling to breed (Hamilton and Orians 1965). Several studies have found Black-billed 
Cuckoos (Coccyzus erythropthalmus) and Yellow-billed Cuckoos (C. americanus) in greater 
47 
 
numbers during insect outbreaks, with abundances returning to normal the following year (Gale et 
al. 2001, Koenig and Liebhold 2005, Barber 2008). Furthermore, both of these species have low 
recapture and band resighting rates (Halterman 2009, Canadian Wildlife Service, unpublished 
data, cited by Hughes 2020a), and a four-year study of Mangrove Cuckoos (C. minor) found no 
evidence of inter-annual site fidelity (Lloyd 2017). While it is unknown whether past observations 
are related to low detection probability or are truly related to annual turnover, models 
incorporating annual dynamics could help differentiate between the two. Furthermore, directly 
examining factors driving immigration and emigration can reveal additional habitat relationships 
that would otherwise be missed (McClure and Hill 2012).  
Black-billed Cuckoos and Yellow-billed Cuckoos in particular have experienced steep, 
range-wide declines over the past several decades (Sauer et al. 2020). Specifically, Black-billed 
populations have fallen by 68% and Yellow-billed by 54% (Rosenberg et al. 2016). However, our 
understanding of their habitat requirements is limited. The distinct population of Western Yellow-
billed Cuckoos, which is federally threatened, has received significant attention (Girvetz and 
Greco 2007, Halterman 2009, Sechrist et al. 2013, Dettling et al. 2015). However, there have been 
limited species-specific studies in the eastern United States, which makes up most of Yellow-
billed Cuckoo breeding range. Existing studies have tended to ignore detection probability 
(Anderson and Shugart 1974, Blake and Karr 1987, LeClerc and Cristol 2005) or base inferences 
on passive surveys (Somershoe et al. 2006, McClure and Hill 2012, Reiley and Benson 2019) 
which are inadequate for this secretive species (Halterman et al. 2015, Chapter 2). Most of what 
we know of Black-billed Cuckoos is based on observations and breeding bird atlases (Spencer 
1943, Sealy 1978, Bohlen 1989) or broad-scale analyses (Trzcinski et al. 1999, Thogmartin and 
Knutson 2007, Beaudry et al. 2010), with little known about local habitat requirements. 
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 Perceptions of Black-billed and Yellow-billed Cuckoo habitat associations fall across the 
shrubland to woodland gradient (Hughes 2020a, b) while specific habitat preferences are unclear. 
Dettling and Howell (2011) and Sechrist et al. (2013) found no specific local predictors of 
Yellow-billed Cuckoo occupancy in the west, and other studies show conflicting relationships to 
tree density (Anderson and Shugart 1974, Blake and Karr 1987, McNeil et al. 2013, Reiley and 
Benson 2019). Black-billed Cuckoos have been found nesting in early successional habitat, edges, 
and interior forest (Spencer 1943, Nolan Jr. and Thompson 1974, Rich et al. 1994), and may be 
sensitive to forest patch size (Galli et al. 1976, Martin 1981, Thogmartin and Knutson 2007), 
inhabiting more heavily forested areas than Yellow-billed Cuckoos (Hughes 2020a). However, 
other studies have found that Black-billed Cuckoos prefer thickets and edges (Hughes 2020a) or 
consider them shrubland obligates (Robinson et al. 1999). Lack of consensus on the preferred 
habitats of both Yellow-billed and Black-billed Cuckoos could be due in part to the spatial scales 
used to make inferences. A multi-scale analysis, taking advantage of increased detection 
probability using broadcast surveys, could further improve our understanding of cuckoo habitat 
requirements. 
In an effort to both expand our knowledge and provide insights for conservation and 
management of Black-billed and Yellow-billed Cuckoos, I set out to examine habitat 
requirements and annual dynamics of these two species. I used broadcast surveys to increase 
detection probability, allowing for better estimation of other model parameters (MacKenzie et al. 
2002, Thogmartin et al. 2006). Using dynamic, multi-scale occupancy models (White and 
Burnham 1999, Green et al. 2019), I explored variables affecting occupancy at two spatial scales, 
enabling us to account for the effects of landscape context on local habitat relationships, while 
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I surveyed for Black-billed and Yellow-billed Cuckoos on public land throughout northern 
Illinois. I chose 41 sites in Lake, McHenry, Boone, Winnebago, Kane, DuPage, and Cook 
counties (Fig. 3.1) that contained a high proportion of shrubland, edge, and forest habitat, though 
the landscape surrounding sites was comprised of a diversity of landcover types. While both 
cuckoos breed in this region, Black-billed Cuckoos are uncommon in Illinois (Kleen et al. 2004). 
Therefore, two-thirds of selected sites  had at least one Black-billed Cuckoo observation within 
the last 10 years (eBird 2012, Brad Semel, IDNR, personal communication) to increase the 
chances of sampling potentially suitable habitat.   
At each site, I selected a transect of between 4 and 11 points using a 50-m grid. I 
randomly selected a transect start point from the grid, located near a parking area, and the transect 
progressed through the longest axis of potentially useable habitat at the site, including forest, 
shrubland, and edge. Transect length was dependent on site size, and points were spaced 250 m 
apart, the maximum distance a Yellow-billed Cuckoo can be detected (Halterman 2009). In total I 







Point Count and Broadcast Surveys 
I conducted surveys between 15 minutes prior to and 4 hours after local sunrise. At every even-
numbered transect point I conducted a 5-minute, unlimited radius, passive point count, followed 
by a broadcast survey for Black-billed and Yellow-billed Cuckoos.  At odd-numbered transect 
points I only performed broadcast surveys. Broadcast surveys for each species were split into 
three, 1-minute intervals, during which I played roughly 30 seconds of species-specific 
vocalizations (Nelson 2004a, b, c, Driver 2005, Lane 2005) followed by 30 seconds of listening. 
Species broadcast order was randomly selected at each point and included 1 minute of silence 
between species broadcasts, to limit effects due to heterospecific interactions. I stopped 
broadcasting once the focal species was detected, to help prevent individuals from following 
surveyors. I broadcast recordings using FOXPRO Firestorm game callers (FOXPRO Inc., 
Lewiston, PA, USA) at a standardized volume. I surveyed all sites two to three times between 15 
May and 15 August in 2019 and 2020, with visits ≥3 weeks apart.  
 I measured environmental variables that could affect cuckoo activity, as well as an 
observer’s ability to detect an individual (O’Connor and Hicks 1980). Before each survey, I 
recorded wind speed (Beaufort scale), cloud cover (0-25%, 26-50%, 51-75%, 76-100%), 
temperature, and noise level (proportion of survey time during which hearing was significantly 
impaired; 0%, 1-25%, 26-50%, 51-75%, 76-100%), treating these as continuous, ordinal variables 
in analyses. I did not survey in steady rain or high winds (>5 on the Beaufort scale) and tried to 







I sampled vegetation using a modified BBIRD protocol (Martin et al. 1997). Based on prior 
research, especially from my study region (Graber and Graber 1963, Robinson et al. 1999, Wilson 
1999), I was primarily interested in measuring woody vegetation cover and composition. I 
considered this to be relatively stable following tree leaf out (around June 1 in this region), so 
conducted sampling just once over the course of the study, only resampling if habitat management 
resulted in significant changes in woody cover (e.g., brush removal or prescribed burning).  
I measured the following within an 11.3-m plot centered at the survey point: 1) total 
canopy cover, measured using a densiometer and averaged across readings taken in the four 
cardinal directions; 2) average maximum tree canopy height (>6 m); 3) average maximum 
subcanopy height (≤6 m); 4) number of small trees (8-23 cm diameter at breast height [DBH]); 5) 
number of medium trees (23-38 cm DBH); and 8) vertical vegetation cover between 0-2 m. I 
measured vertical cover using a 2-m tall, 30.5-cm wide board, broken into 4, 0.5-m height 
intervals (Nudds 1977). I placed the board at the center of the plot and recorded the percent of 
each height interval covered by vegetation when standing 11.3 m away. This was repeated in the 
four cardinal directions and I averaged measurements across all directions within a height 
interval. I ultimately averaged these 4 height measurements into a single value, as they were all 
moderately to highly correlated (0.34 < r < 0.92). 
 
Spatial Analyses 
In addition to small-scale habitat variables, I explored how landscape context affects habitat use 
and annual dynamics. I used Geographic Information Systems to create a 700-m-radius buffer 
around transects and determine the proportion of area covered by different landcover 
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classifications, as defined by the 2016 National Landcover Database (NLCD) from the Multi-
Resolution Land Characteristics Consortium (https://www.mrlc.gov/, Jin et al. 2019). I chose this 
buffer size as it could contain an average 39-ha cuckoo home-range between the transect and the 
buffer’s edge (Halterman 2009). 
I was especially interested in the importance of shrubland availability, as this is important 
nesting habitat for both species (Hughes 2020a, b). However, this class, defined as vegetation <5 
m tall covering >20% of the area, can be difficult to differentiate from grasslands and forests, 
resulting in frequent misclassification (Wickham et al. 2017). It also made up a small proportion 
of buffer area and varied minimally (Mean = 0.01 ± 0.003 SE). As such, I decided to combine it 
with the herbaceous and hay/pasture classifications into an “open habitat” class as a proxy for 
early successional, edgy habitat. I also considered the amount of developed area (developed open 
space and low, medium, and high development), cultivated crops, and forest (deciduous, 
evergreen, mixed forest, and woody wetlands). 
 
Statistical Analyses 
I analyzed data in a dynamic, multi-scale occupancy modelling framework (White and 
Burnham 1999, Green et al. 2019) using temporally replicated surveys to account for imperfect 
detection. Broadcast surveys greatly increased detection compared to passive surveys for both 
cuckoo species (Chapter 2), so I reduced the encounter history to whether a species was detected 
at any time during a visit to a transect point. The dynamic, multi-scale approach incorporates both 
spatially and temporally nested samples. The multi-scale portion allows estimation of occupancy 
probability at a larger spatial scale, the site level in this analyses, and at a smaller scale, the point 
level, provided that the larger spatial unit is occupied (Nichols et al. 2008). The dynamic portion 
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allows estimation of immigration and emigration among large sample units between primary 
sample periods (MacKenzie et al. 2003). Based on past suggestions of low annual site fidelity of 
individuals, combined with low overall density, I was interested in measuring site-level turnover 
between seasons, so used the two survey years as primary periods and the 2-3 within-season 
surveys at each point as temporally nested secondary periods. I performed a similar analysis for 
both Black-billed and Yellow-billed Cuckoos. 
I limited the number of models considered using a sequential-by-sub-model process 
(Morin et al. 2020). Models were constructed in Program MARK (White and Burnham 1999) and 
ranked using Akaike’s Information Criterion with a correction for small sample sizes (AICC; 
Hurvich and Tsai 1989, Burnham and Anderson 2002). I first found the best covariate structure 
for detection probability while holding other parameters constant, then carried that structure 
forward to subsequent models. I modelled site-level occupancy next, followed by point-level 
occupancy, given that it is dependent on occupancy of the larger sample unit. To model 
immigration and emigration, I created a separate sub-model set for each parameter, as there was 
no particular reason to model one before the other. I identified well supported structures from 
these two sub-model sets (ΔAICC ≤ 2) to use in the final model set, creating models with every 
combination of the supported emigration and immigration structures. I included a constant model 
of the parameter of interest in each sub-model set to assess model fit. In the final model set, I also 
included a model with the best structure for detection and site- and point-level occupancy, but 
constrained immigration and emigration to zero to examine the importance of accounting for 
annual turnover (MacKenzie et al. 2003). I interpreted coefficients with 85% confidence intervals 
that did not overlap zero as being strongly supported, as this better agrees with AIC output 
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(Arnold 2010), and considered model rank and weight (wi) to determine the importance of 
individual habitat covariates. 
To model detection probability, I first considered the importance of within-season 
temporal variation (Wilson and Bart 1985) and survey year. I considered the individual and 
additive effects of both, carrying the top model forward to examine additive effects of wind, cloud 
cover, temperature, or noise. For site-level occupancy, I considered single-variable models of the 
8 vegetation variables, averaged by site, and the 4 landscape variables. For point-level occupancy, 
I first assessed the importance of year effects, and if year was well supported, I included it in 
models with each of the 8 vegetation variables. I considered site-averaged vegetation and 
landscape composition variables in the immigration and emigration sub-model sets. I summarize 
all covariates in Table 3.1, and all sub-model sets are presented in Appendix B. 
Emigration and or immigration parameters were sometimes estimated near the boundaries 
of 1 or 0 with large standard errors, indicating potential estimation problems using the default 
maximization method. In these cases, I followed the default approach by using simulated 
annealing (Goffe et al. 1994), and then if needed, a Markov Chain Monte Carlo (MCMC) 
approach to improve parameter estimation and the ability to make inferences from the top model. 
When using MCMC, I estimated model parameters using normally distributed, uninformed priors 
on the logit scale (Mean = 0, σ = 1.75) with initial parameter estimates from the top maximum-
likelihood model. I ran 3 chains with 10,000 tuning, 10,000 burn-in, and 50,000 stored samples 
with no thinning. The Gelman-Rubin statistic indicated convergence for all parameters (R-hat ≤ 1; 






I surveyed all sites 3 times in both years except for 4 sites, which were surveyed twice in 2019. I 
completed 993 surveys in 2019 and 1,029 in 2020. Black-billed Cuckoos were detected at 37 out 
of 41 (90%) sites over the course of the study and exhibited annual turnover, with 7 sites only 
occupied in 2019 and 16 sites only occupied in 2020 (Fig 3.1). Yellow-billed Cuckoos were 
detected at 39 (95%) sites over the two years, with 25 sites occupied in 2019 and 39 occupied in 
2020 (Fig. 3.1). The two species were significantly more likely to occur together at a site. In 
2019, both species were present at 16 and absent at 11 sites (Odds Ratio = 3.91, 95% CI: 1.03-
14.87) and in 2020 both were present at 28 and absent at 0 sites. 
 
Black-billed Cuckoo Occupancy Modelling 
The top detection structure included the additive effects of survey round and noise level. Black-
billed Cuckoo detection probability was greatest at the beginning of the season (Mean = 24%, 
85% CRI: 0.19, 0.30), reaching a max of only 11% (85% CRI: 0.08, 0.15) in the third survey 
round (Fig. 3.2A). Detection decreased at higher noise levels (Table 3.3, Fig. 3.2A), though the 
model including survey round and temperature also received some support (wi  = 0.37; Table B.1). 
Site-level occupancy was best predicted as a constant (Ψavg = 0.59, 85% CRI: 0.46, 0.72), 
however, proportion of developed area, crop cover, canopy cover, and open habitat were 
competitive with the constant model (Appendix B; Table B.2). Initial occupancy increased with 
percent vertical vegetation cover at the point level (Table 3.3, Fig. 3.2B), with occupancy 
probability increasing by 30% for every 10% increase in vertical cover. 
I found strong support for high Black-billed Cuckoo site-level turnover between years. I 
considered seven models in the final set and the non-dynamic model received no support (ΔAICC 
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= 29.81; Table 3.2). Probability of emigration was driven by the proportion of forest in the 
surrounding area. Black-billed Cuckoos were 20% more likely to leave sites with 10% greater 
forest cover (Table 3.3, Fig. 3.2C). This variable ranked well above others in the emigration sub-
model set (Table B.4) and was the only covariate considered in the final model set. Probability of 
immigrating to a site increased slightly with tree canopy height, with a 1 m increase in canopy 
height leading to a site being 4% more likely to become occupied the following year, but the 
credible interval crossed 0 (Table 3.3, Fig. 3.2D). However, the top five models in the final set 
were all within 2 ΔAICC units of the top model, indicating they were competitive. The second 
model, which predicted immigration as a constant (Mean γ = 0.88, 85% CRI: 0.74, 0.98) had a 
model weight of 24% while the third model, which included immigration as a function of 
proportion of open habitat in the surrounding area (β = 0.02, 85% CRI: -0.03, 0.07), had a weight 
of 22% (Table 3.2). Site occupancy in 2019 was estimated at 0.59 (85% CRI: 0.46, 0.72) and 
increased to 0.79 (85% CRI: 0.68, 0.89) in 2020. 
 
Yellow-billed Cuckoo Occupancy Modelling 
The best model structure for Yellow-billed Cuckoo detection probability included the additive 
effects of year and temperature (Table 3.4). Detection was higher in 2020 than 2019 and increased 
with temperature (Table 3.5, Fig. 3.3A). Site-level occupancy was negatively affected by the 
amount of developed area in the surrounding landscape, with probability of a site being occupied 
decreasing by 10% for every 1% increase in developed area (Fig. 3.3B). Probability of initial 
point occupancy varied between years and was negatively affected by maximum shrub height 




I found substantial support for Yellow-billed Cuckoo site-level turnover between years. I 
considered 4 models in the final set and the top dynamic model was well supported (wi = 0.88) 
while the non-dynamic was poorly ranked and received no support (ΔAICC = 24.94; Table 3.4). 
Yellow-billed Cuckoos were detected at all but 2 sites in 2020, and there were no sites with 
detections only in 2019 (Fig. 3.1). This resulted in all habitat variables being poor predictors of 
site extinction and poor probability estimates at the 0 boundary. Therefore, I fixed extinction 
probability at 0 in the final model set. Probability of immigration to a site increased with canopy 
cover, with a 1% increase in cover making it 23% more likely to become occupied the following 
year (Table 3.5, Fig. 3.3D), although canopy cover varied little at the site level (SE = 3.31%; 
Table 3.1). Estimated site-level occupancy in 2019 was 0.80 (85% CI: 0.60, 1) and 0.99 (85% CI: 
0.97, 1) in 2020. 
 
3.4 DISCUSSION 
I found strong support for Black-billed and Yellow-billed Cuckoo site-level turnover, confirming 
prior observations (Halterman 2009, Canadian Wildlife Service, unpublished data, cited by 
Hughes 2020a). Habitat variables driving occupancy and movement dynamics at both the point 
level and site level strongly indicated Black-billed Cuckoos prefer younger successional habitat, 
while Yellow-billed Cuckoos select older successional, or even open woodland habitat. 
Incorporating broadcast surveys into my approach likely allowed for more robust estimation of 
habitat associations (Thogmartin et al. 2006), as past studies using passive surveys alone 
sometimes find weak or conflicting relationships (Blake and Karr 1987, Holoubek and Jensen 
2015, Reiley and Benson 2019).  
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 Occupancy models and raw site detections both indicated these two cuckoo species have 
high annual site-level turnover. This is in contrast to studies showing most shrubland and early-
successional species have relatively high site fidelity (Lehnen and Rodewald 2009, Schlossberg 
2009). Furthermore, McNeil et al. (2013) found Western Yellow-billed Cuckoo site fidelity was 
fairly high in restored habitat, but habitat patches in the southwest are isolated and reduced, 
meaning suitable areas may already be occupied and prospecting is more costly (Teitelbaum et al. 
2020). Given Black-billed and Yellow-billed Cuckoos were more likely to occur together at sites 
in a given year, it seems likely a common factor is driving annual movements. 
Nomadic birds tend to respond to fluctuations in resources (Dean 2004 as cited by Cottee-
Jones et al. 2016), and this could be true for cuckoos, as they seem to seek out areas with higher 
insect abundance before deciding to breed. Barber (2008) used Breeding Bird Survey (BBS) 
observations (Sauer et al. 2020) to show that cuckoo abundance increased significantly in areas 
with gypsy moth outbreaks while abundances decreased in surrounding areas. Koenig and 
Liebhold (2005) observed a similar pattern during cicada outbreaks, noting that cuckoo numbers 
returned to normal following the outbreak year. While my results confirm past observations of 
high annual turnover, I was not able to measure insect abundance during this study and more 
work is needed to determine the ultimate and proximate cues determining when and where 
cuckoos decide to breed. 
 Temporal variation in detection probability further supports the idea of considerable 
movement of these two species both within and among seasons. Black-billed Cuckoo detection 
declined significantly following the first survey round. Because this model set up did not account 
for within-season dynamics (Chapter 2), this pattern was likely a result of higher spring 
abundances before migrants moved farther north (Royle and Nichols 2003). Previously I found 
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detection was greatest during the first and third survey rounds (Chapter 2). Yellow-billed Cuckoo 
detection also varied between years, being slightly higher in 2020. As more sites and more points 
were occupied, this could be due to increased cuckoo abundance in 2020. Additionally, Yellow-
billed Cuckoos at greater densities may become more vocal and thus more detectable, as has been 
shown in other species (McShea and Rappole 1997). Reiley and Benson (2019) also found 
support for year effects and recorded highly variable Yellow-billed Cuckoo abundances over 4 
field seasons. 
 Yellow-billed Cuckoos were less likely to occupy sites surrounded by developed areas. 
Although no variables were particularly strong predictors of Black-billed Cuckoo site occupancy, 
there was some suggestion they followed the same trend (Table B.2). As open development by 
itself was highly correlated with other development types (r = 0.82), this relationship is consistent 
with previous studies that have shown a negative relationship with urban grass (LeClerc and 
Cristol 2005, Thogmartin and Knutson 2007). Many atlases report Black-billed and Yellow-billed 
Cuckoos using parks and golf courses (Hughes 2020a), but it is likely that birds are only more 
noticeable in these areas, not that they provide high quality habitat (LeClerc and Cristol 2005). 
 Although both species seem to avoid developed landscapes and are more likely to occur 
together, my results indicate they use different stages of successional habitat within sites. A dense 
shrub layer was especially important for Black-billed Cuckoos, consistent with a study of Illinois 
shrubland birds that found them nesting in shrublands and thickets but not forests (Robinson et al. 
1999). Additionally, foraging observations indicate Black-billed Cuckoos tend to forage lower 
(Mean = 3.4 m ± 0.35 SE) even when higher vegetation is available (Mean = 7.46 m ± 0.96 SE; 
Appendix D; Table D.1), further supporting the importance of a dense shrub layer. On the other 
hand, Yellow-billed Cuckoo occupancy was lower in areas with a developed shrub layer. This 
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suggests they prefer open woodlands or habitat where trees have matured enough to start shading 
out the understory, as has been found previously (Chapter 2, Anderson and Shugart 1974, 
Holoubek and Jensen 2015). McNeil et al. (2013) also found Western Yellow-billed Cuckoos 
foraged higher in the canopy (Mean = 10 m) and I often observed individuals singing from tall 
perches. 
Annual dynamics suggested the same pattern of niche partitioning. Black-billed Cuckoos 
tended to emigrate from sites with abundant forest cover but move to sites with some taller trees 
still present. Natural disturbances like blowdowns and fires rarely remove all mature trees in an 
area, thus my results are still consistent with Black-billed Cuckoos being a disturbance dependent 
species. In contrast, Thogmartin and Knutson (2007) found a positive relationship between Black-
billed Cuckoo abundance and forest cover in Wisconsin within 800, 8,000, and 80,000 ha, scales 
much broader than examined in this study. This conflicting relationship with forest cover could be 
due to differences in scale, but may also result from changes in habitat availability, as Wisconsin 
is more forested (49%) than Illinois (14%; Vogt and Smith 2017). Differences in regional habitat 
use and resource partitioning can also result from competition among similar species (Wiens et al. 
2014), but as both Black-billed and Yellow-billed Cuckoos rarely responded aggressively to 
congeneric broadcasts, this seems unlikely. Consistent with occupancy predictors, factors driving 
between-season dynamics suggested Yellow-billed Cuckoos prefer a later successional landscape, 
as they were more likely to immigrate to sites with greater canopy cover in the surrounding area. 
In Alabama this species was also more likely to immigrate to areas with greater canopy cover 
(McClure and Hill 2012), and Reiley and Benson (2019, 2020) found Yellow-billed Cuckoo 




Cuckoos seek out areas with increased insect availability, suggesting population declines 
may be related to declining insect abundance (Sánchez-Bayo and Wyckhuys 2019). As part of a 
concomitant study, I collected Black-billed Cuckoo fecal samples for a genetic diet analysis, and 
found birds primarily consumed Lepidopterans (Appendix D; Table D.1), a group with many 
species in decline (Sánchez-Bayo and Wyckhuys 2019). However, shrubland bird species as a 
whole have declined over the last several decades due to habitat loss and increased pesticide use 
(Stanton et al. 2018). Given their associations with early and late successional habitat, loss of this 
habitat type has likely played a major role in cuckoo population declines. Since 1950, over 60% 
of shrubland habitat has been lost throughout the northeast and Central Hardwoods region (King 
and Schlossberg 2014) and prior to that, massive loss of orchard acreage and hedgerows in 
Illinois specifically likely decreased available cuckoo nesting habitat (Graber and Graber 1963). 
There was a peak in shrubland availability in the early 20th century when large areas of farmland 
were abandoned, however, there is evidence indigenous peoples maintained tracts of open habitat 
prior to European colonization and agricultural expansion (Askins 1994). Management practices 
that create larger patches of early successional habitat would not only benefit disturbance-
dependent species (DeGraaf and Yamasaki 2003, Schlossberg and King 2008), but also provide 
valuable habitat for mature-forest birds during the postfledging period (Vitz and Rodewald 2007). 
 Black-billed and Yellow-billed Cuckoos are neotropical migrants that also demonstrate 
nomadic tendencies within (Chapter 2) and between breeding seasons. Conservation is more 
challenging for migratory animals compared to sedentary ones (Shuter et al. 2011 cited by Cottee-
Jones et al. 2016) and is harder still for nomadic species, many of which are in decline (Runge et 
al. 2014). Nomadism evolved in response to environments that are highly variable through space 
and time (Teitelbaum 2019). Thus, benefits of this movement strategy will likely be reduced as 
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the world is further altered by human activity (Venter et al. 2016) and could incur even higher 
costs for nomads tied to resource abundance as habitat degradation causes them to move more 
often across a homogenized landscape (Teitelbaum et al. 2020). This cycle may be further 
exacerbated by climate change, which has already proven to negatively affect Yellow-billed 
Cuckoo populations in the Midwest (Anders and Post 2006). To protect these highly mobile 
species, conservation strategies must shift towards establishing a network of sites across a broader 
spatial scale and coordinating management to provide a shifting mosaic of successional habitat 






3.5 TABLES AND FIGURES 
 
Table 3.1. Covariates used in Black-billed and Yellow-billed Cuckoo occupancy models. Point-level variables were used to model detection and 
point-level occupancy and landscape variables were used to model site-level occupancy, emigration, and immigration. 
 Variable Mean SE Min. Max.  Mean SE Min. Max. 
Local 
(11.3 m)      
Landscape 
(700 m)     
 Cloud Cover 2.27 0.51 1 4      
 Wind 1.13 0.46 0 6      
 Temperature (°C) 19.2 1.74 4 30      
 Noise 0.81 0.35 0 4      
 Small Trees (8-23 cm DBH) 7.76 2.04 0 28  7.72 0.76 3 14.44 
 Medium Trees (23-38 cm DBH) 2.16 0.7 0 13  2.11 0.27 0.43 5.33 
 Canopy Cover (%) 73.29 9.22 0 99.48  73.26 3.31 30.42 95.68 
 Canopy Height (m) 14.8 2.3 0 34.44  14.57 1.03 6.01 24.03 
 Subcanopy Height (m) 2.16 0.51 0 6  2.2 0.23 0.17 4.41 
 Shrub Cover (%) 17.34 5.28 0 83.5  17.48 2.17 4 49.44 
 Brush Cover (%) 3.05 1.46 0 33.75  3.12 0.59 0.1 11.95 
 Vertical Vegetation Cover (%) 49.25 7.74 1.56 99.56  49.8 3.32 16.02 71.9 
 Developed Area (%)      23.58 3.28 78.91 4.70 
 Forest (%)      38.57 3.59 84.87 4.26 
 Cultivated Crops (%)      10.93 0.00 54.23 3.32 




Table 3.2. Candidate models describing between-season Black-billed Cuckoo initial site-level (ψ) and 
point-level (θ) occupancy, emigration (ε), immigration (γ), and detection probability (p).  Models were 
ranked using Akaike’s Information Criterion adjusted for small sample sizes (AICC).  I present ΔAICC, 
the difference between the AICC score for a given model and the top model, K, the number of model 
parameters, and model weight (wi). The top detection model included the additive effects of temporal 
variation (round) and noise level. I examined the effects point- and site-level habitat variables on ψ, θ, ε, 
and γ. AICC for the top model was 862.31. The non-dynamic model received no support (bold/italic). 
Surveys were conducted in Illinois in 2019-2020. 
Model K ΔAICC wi 
ψ(.)θ(vertical cover)ε(% forest)γ(canopy height)p(round+noise) 11 0.00 0.26 
ψ(.)θ(vertical cover)ε(% forest)γ(.)p(round+noise) 10 0.18 0.24 
ψ(.)θ(vertical cover)ε(% forest)γ(% open)p(round+noise) 11 0.34 0.22 
ψ(.)θ(vertical cover)ε(% forest)γ(vertical cover)p(round+noise) 11 0.89 0.17 
ψ(.)θ(vertical cover)ε(% forest)γ(% forest)p(round+noise) 11 1.96 0.10 
ψ(.)θ(vertical cover)ε(.)γ(.)p(round+noise) 9 6.91 0.01 
ψ(.)θ(vertical cover)p(round+noise) 7 29.81 0.00 
 
 
Table 3.3. Parameter estimates and 85% credible intervals for the AICC best-ranked Black-billed Cuckoo 
occupancy model. Parameters include initial site-level (ψ) and point-level (θ) occupancy, emigration (ε), 
colonization (γ), and detection probability (p). Detection probability was modelled using temporal 
variation across the breeding season (round) and noise level. 
 Variable Mean β LCRI UCRI 
ψ intercept 0.39 -0.14 0.93 
θ intercept -0.54 -1.36 0.34 
                     vert. cover 0.03 0.02 0.04 
ε intercept -1.81 -2.97 -0.73 
                     forest 0.02 0.00 0.04 
γ intercept 2.06 0.41 3.80 
                     canopy height 0.04 -0.06 0.14 
p round1 -0.82 -1.16 -0.46 
                     round2 -2.29 -2.67 -1.90 
                     round3 -2.10 -2.48 -1.73 





Table 3.4. Candidate models describing between-season Yellow-billed Cuckoo initial site-level (ψ) and point-level (θ) occupancy, local 
emigration (ε), immigration (γ) and detection probability (p).  Models were ranked using Akaike’s Information Criterion adjusted for small sample 
sizes (AICC).  I present ΔAICC, the difference between the AICC score for a given model and the top model, K, the number of model parameters, 
and model weight (wi). Emigration was held at 0 and compared to the corresponding constant emigration structure. AICC for the top model was 
1698.22 and the non-dynamic model received no support (bold/italic). Surveys were conducted in Illinois in 2019-2020. 
Model K ΔAICC wi 
ψ(% developed)θ(year+subcanopy height)ε(0)γ(canopy cover)p(year+temp) 10 0.00 0.88 
ψ(% developed)θ(year+subcanopy height)ε(0)γ(.)p(year+temp) 9 4.54 0.09 
ψ(% developed)θ(year+subcanopy height)ε(.)γ(.)p(year+temp) 10 7.14 0.02 
ψ(% developed)θ(year+subcanopy height)p(year+temp) 8 24.94 0.00 
 
Table 3.5. Parameter estimates and 85% confidence intervals for the AICC best-ranked Yellow-billed Cuckoo occupancy model. Initial site-level 
(ψ) and point-level (θ) occupancy, local extinction (ε), colonization (γ), and detection probability (p) are estimated as functions of vertical 
vegetation cover (vert. cover), proportion of forest within a 700-m transect buffer, maximum canopy height, temporal variation (round), and noise 
level. 
 Variable β LCI UCI 
ψ intercept 3.97 1.19 6.76 
 developed -0.11 -0.18 -0.04 
θ 2019 0.82 0.13 1.51 
 2020 2.52 1.68 3.36 
 subcanopy height -0.32 -0.48 -0.15 
ε 0 0.00 0.00 0.00 
γ intercept -11.97 -24.73 0.80 
 cancover 0.21 0.01 0.41 
p 2019 -3.15 -3.71 -2.59 
 2020 -2.72 -3.24 -2.19 




Fig. 3.1. We surveyed 41 sites on public lands in northern Illinois and recorded presence or absence 





Fig 3.2. Predicted values from the top Black-billed Cuckoo occupancy model showing the effects of 
temporal variation (survey round) and noise on detection probability (A; number indicates survey round), 
vertical vegetation cover on point-level occupancy probability (B), forest cover on emigration probability 
(C) and canopy height on immigration (D). The top site-level occupancy structure was the constant 





Fig. 3.3. Predicted values from the top Yellow-billed Cuckoo occupancy model showing the effects of 
year and temperature on detection probability(A), proportion of development in the surrounding area on 
site-level occupancy probability (B), subcanopy height and year on point-level occupancy probability (C) 
and canopy cover on immigration (D). The extinction coefficient was held at 0 in the top model. Shown 
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CHAPTER 4: GENERAL CONCLUSIONS 
Black-billed and Yellow-billed Cuckoo populations have declined dramatically across their 
breeding ranges. However, difficulty detecting individuals has made it hard to accurately 
estimate the extent of these declines and determine specific habitat needs. I found that call-
broadcast surveys greatly increased responsiveness of both species. Both cuckoo species were 
more likely to occur together but were associated with different stages of successional habitat. I 
also found strong evidence of wide-ranging movements during the breeding season and low site 
fidelity between breeding seasons, suggesting conservation efforts should be coordinated at a 
broader spatial scale. 
 In Chapter 2 I explored factors affecting detection probability and within-season 
movement dynamics. Detection increased substantially using broadcast surveys. Black-billed 
Cuckoo detection probability increased with temperature and varied temporally at the site-scale, 
with detection greatest at the beginning and end of the breeding season. Detection of individual 
Yellow-billed Cuckoos was negatively affected by noise, though it increased with temperature at 
the site-scale. These results suggest broadcast surveys should be conducted on warmer days 
under quiet conditions to best establish occupancy. There was also evidence both species moved 
within and between sites during the breeding season. Wide-ranging movements at both scales 
suggest these species respond to changes in habitat quality, and readily move to more suitable 
locations, either within their breeding territory or farther afield. 
 In Chapter 3 I explored habitat variables affecting occupancy at multiple scales as well as 
factors driving movement between seasons. Black-billed Cuckoos used local habitat with 
abundant shrub cover and were most likely to abandon sites with abundant forest cover, but 
moved to sites with some tall trees. Yellow-billed Cuckoos used areas within sites with a 
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younger shrub layer and were more likely to move to sites with a more established tree layer, 
while they abandoned sites surrounded by development. These findings indicate both species use 
early successional habitat, though Black-billed Cuckoos prefer younger habitat and Yellow-
billed Cuckoos use older habitat where trees have started to shade out the understory. High site 
level turnover supports the idea that these species are post-migratory nomads, and again suggests 
the need for habitat patches spread across a broad spatial scale for cuckoos to be able to respond 
to annual changes in habitat suitability. 
 In conclusion, I found that broadcast surveys are an effective tool for monitoring Black-
billed and Yellow-billed Cuckoos. Additionally, given these species’ habitat associations, it is 
likely that loss of early successional habitat is a major contributor to current cuckoo population 
declines. Establishing a stable shrub layer that prevents tree growth could benefit Black-billed 
Cuckoos and minimize future management efforts, but coordinating creation of early 
successional habitat across a larger region, and allowing it to mature, could provide a matrix of 
habitat that will eventually be used by both species. However, managing existing protected areas 
for cuckoos is unlikely to be enough to reach population targets. Cuckoos may require access to 
habitat patches at a broader spatial scale to exploit ephemeral, patchily distributed insect 
resources, but habitat continues to disappear as land is converted to high intensity agriculture and 
management practices limit natural disturbances. Managing power line right of ways, road 
corridors, and encouraging agricultural conservation practices like riparian buffers and tree 
plantings could greatly increase habitat availability on private lands. Exploring the spatial extent 
of prospecting behavior and understanding the role insect abundance plays in triggering 
movements is an important area of future research. This information could also point to threats 
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cuckoos may face in the future, as the combination of environmental variability and habitat 




APPENDIX A: CHAPTER 2 ADDITIONAL AIC TABLES 
 
This appendix includes AIC tables for sub-model sets from Chapter 2. In all detection sub-
models (p) I considered effects of survey type (broadcast), temporal variation (round), year, 
temperature (temp), noise, wind speed, and cloud cover. For models at the site level, I also 
considered transect length (point). Occupancy (ψ) sub-models included effects of year, number 
of small trees and number of medium trees, total canopy cover, average maximum canopy height 
and subcanopy height, and vertical vegetation cover. Site level occupancy sub-models 
additionally included proportion of the 700 m buffer covered by developed land, forest, 
cultivated crops, or open habitat. Emigration (ε) and immigration (γ) were modelled using the 
same habitat and landscape variables, year, and temporal variation. 
 
Table A.1. Candidate models describing within-season Black-billed Cuckoo detection 
probability at the point level. The top model had an AICC of 949.26. 
Model K ΔAICC wi 
p(broadcast + temp)ψ(.)ε(.)γ(.) 6 0.00 1.00 
p(broadcast + noise)ψ(.)ε(.)γ(.) 6 12.82 0.00 
p(broadcast + year)ψ(.)ε(.)γ(.) 6 18.03 0.00 
p(broadcast + wind)ψ(.)ε(.)γ(.) 6 19.26 0.00 
p(broadcast)ψ(.)ε(.)γ(.) 5 19.78 0.00 
p(broadcast + round)ψ(.)ε(.)γ(.) 7 21.40 0.00 
p(broadcast + clouds)ψ(.)ε(.)γ(.) 6 21.71 0.00 
p(year)ψ(.)ε(.)γ(.) 5 85.35 0.00 
p(.)ψ(.)ε(.)γ(.) 4 86.20 0.00 
p(round)ψ(.)ε(.)γ(.) 6 88.75 0.00 
 
 
Table A.2. Candidate models describing within-season Black-billed Cuckoo occupancy 
probability at the point level. The top model had an AICC of 947.43. 
Model K ΔAICC wi 
p(broadcast + temp)ψ(canopy height)ε(.)γ(.) 7 0.00 0.33 
p(broadcast + temp)ψ(medium tree)ε(.)γ(.) 7 0.94 0.21 
p(broadcast + temp)ψ(.)ε(.)γ(.) 6 1.82 0.13 
p(broadcast + temp)ψ(canopy cover)ε(.)γ(.) 7 2.08 0.12 
p(broadcast + temp)ψ(small tree)ε(.)γ(.) 5 3.56 0.06 
p(broadcast + temp)ψ(year)ε(.)γ(.) 7 3.61 0.05 
p(broadcast + temp)ψ(% brush)ε(.)γ(.) 7 3.75 0.05 
p(broadcast + temp)ψ(subcanopy height)ε(.)γ(.) 7 4.80 0.03 




Table A.3. Candidate models describing within-season Black-billed Cuckoo emigration 
probability at the point level. The top model had an AICC of 947.37. 
Model K ΔAICC wi 
p(broadcast + temp)ψ(canopy height)ε(medium tree)γ(.) 8 0.00 0.14 
p(broadcast + temp)ψ(canopy height)ε(vertical cover)γ(.) 8 0.04 0.14 
p(broadcast + temp)ψ(canopy height)ε(.)γ(.) 7 0.06 0.14 
p(broadcast + temp)ψ(canopy height)ε(small tree)γ(.) 8 0.59 0.11 
p(broadcast + temp)ψ(canopy height)ε(% brush)γ(.) 8 0.87 0.09 
p(broadcast + temp)ψ(canopy height)ε(year)γ(.) 8 1.09 0.08 
p(broadcast + temp)ψ(canopy height)ε(% shrub)γ(.) 8 1.43 0.07 
p(broadcast + temp)ψ(canopy height)ε(canopy cover)γ(.) 8 1.70 0.06 
p(broadcast + temp)ψ(canopy height)ε(round)γ(.) 8 1.97 0.05 
p(broadcast + temp)ψ(canopy height)ε(subcanopy height)γ(.) 8 2.06 0.05 
p(broadcast + temp)ψ(canopy height)ε(canopy height)γ(.) 8 2.07 0.05 
 
 
Table A.4. Candidate models describing within-season Black-billed Cuckoo immigration 
probability at the point level. The top model had an AICC of 941.84. 
Model K ΔAICC wi 
p(broadcast + temp)ψ(canopy height)ε(.)γ(canopy cover) 8 0.00 0.62 
p(broadcast + temp)ψ(canopy height)ε(.)γ(vertical cover) 8 3.48 0.11 
p(broadcast + temp)ψ(canopy height)ε(.)γ(medium tree) 8 5.07 0.05 
p(broadcast + temp)ψ(canopy height)ε(.)γ(small tree) 8 5.28 0.04 
p(broadcast + temp)ψ(canopy height)ε(.)γ(canopy height) 8 5.37 0.04 
p(broadcast + temp)ψ(canopy height)ε(.)γ(.) 7 5.59 0.04 
p(broadcast + temp)ψ(canopy height)ε(.)γ(year) 8 6.47 0.02 
p(broadcast + temp)ψ(canopy height)ε(.)γ(% brush) 8 6.77 0.02 
p(broadcast + temp)ψ(canopy height)ε(.)γ(round) 8 7.21 0.02 
p(broadcast + temp)ψ(canopy height)ε(.)γ(subcanopy height) 8 7.55 0.01 





Table A.5. Candidate models describing within-season Black-billed Cuckoo detection 
probability at the site level. The top model had an AICC of 311.05. 
Model K ΔAICC wi 
p(broadcast + round + temp)ψ(.)ε(.)γ(.) 8 0.00 0.60 
p(broadcast + round)ψ(.)ε(.)γ(.) 6 3.50 0.10 
p(broadcast + round + noise)ψ(.)ε(.)γ(.) 7 4.14 0.08 
p(broadcast)ψ(.)ε(.)γ(.) 4 4.29 0.07 
p(broadcast + round + cloud)ψ(.)ε(.)γ(.) 7 4.76 0.06 
p(broadcast + year)ψ(.)ε(.)γ(.) 5 5.57 0.04 
p(broadcast + round + wind)ψ(.)ε(.)γ(.) 7 5.61 0.04 
p(broadcast + point)ψ(.)ε(.)γ(.) 5 6.38 0.02 
p(pt)ψ(.)ε(.)γ(.) 5 18.33 0.00 
p(.)ψ(.)ε(.)γ(.) 3 92.39 0.00 
p(year)ψ(.)ε(.)γ(.) 4 92.52 0.00 
p(round)ψ(.)ε(.)γ(.) 5 94.54 0.00 
 
 
Table A.6. Candidate models describing within-season Black-billed Cuckoo occupancy 
probability at the site level. The top model had an AICC of 309.52. 
Model K ΔAICC wi 
p(broadcast + round + temp)ψ(canopy cover)ε(.)γ(.) 9 0.00 0.21 
p(broadcast + round + temp)ψ(canopy height)ε(.)γ(.) 9 0.48 0.17 
p(broadcast + round + temp)ψ(% forest)ε(.)γ(.) 9 1.12 0.12 
p(broadcast + round + temp)ψ(.)ε(.)γ(.) 8 1.53 0.10 
p(broadcast + round + temp)ψ(medium tree)ε(.)γ(.) 9 2.71 0.06 
p(broadcast + round + temp)ψ(% open habitat)ε(.)γ(.) 9 2.90 0.05 
p(broadcast + round + temp)ψ(vertical cover)ε(.)γ(.) 9 3.38 0.04 
p(broadcast + round + temp)ψ(% crops)ε(.)γ(.) 9 3.44 0.04 
p(broadcast + round + temp)ψ(% shrub)ε(.)γ(.) 9 3.48 0.04 
p(broadcast + round + temp)ψ(small tree)ε(.)γ(.) 9 3.63 0.03 
p(broadcast + round + temp)ψ(subcanopy height)ε(.)γ(.) 9 3.64 0.03 
p(broadcast + round + temp)ψ(% developed)ε(.)γ(.) 9 3.67 0.03 
p(broadcast + round + temp)ψ(% brush)ε(.)γ(.) 9 3.68 0.03 





Table A.7. Candidate models describing within-season Black-billed Cuckoo emigration 
probability at the site level. The top model had an AICC of 300.55. 
Model K ΔAICC wi 
p(broadcast + round + temp)ψ(canopy cover)ε(% open habitat)γ(.) 10 0.00 0.90 
p(broadcast + round + temp)ψ(canopy cover)ε(medium tree)γ(.) 10 7.71 0.02 
p(broadcast + round + temp)ψ(canopy cover)ε(% developed)γ(.) 10 8.37 0.01 
p(broadcast + round + temp)ψ(canopy cover)ε(.)γ(.) 9 8.97 0.01 
p(broadcast + round + temp)ψ(canopy cover)ε(canopy height)γ(.) 10 9.29 0.01 
p(broadcast + round + temp)ψ(canopy cover)ε(vertical cover)γ(.) 10 9.44 0.01 
p(broadcast + round + temp)ψ(canopy cover)ε(year)γ(.) 10 9.46 0.01 
p(broadcast + round + temp)ψ(canopy cover)ε(% crops)γ(.) 10 10.19 0.01 
p(broadcast + round + temp)ψ(canopy cover)ε(% shrub)γ(.) 10 10.34 0.01 
p(broadcast + round + temp)ψ(canopy cover)ε(subcanopy height)γ(.) 10 10.89 0.00 
p(broadcast + round + temp)ψ(canopy cover)ε(canopy cover)γ(.) 10 10.93 0.00 
p(broadcast + round + temp)ψ(canopy cover)ε(round)γ(.) 10 11.08 0.00 
p(broadcast + round + temp)ψ(canopy cover)ε(small tree)γ(.) 10 11.10 0.00 
p(broadcast + round + temp)ψ(canopy cover)ε(% forest)γ(.) 10 11.14 0.00 





Table A.8. Candidate models describing within-season Black-billed Cuckoo immigration probability at the site level. The top model 
had an AICC of 306.71. 
Model K ΔAICC wi 
p(broadcast + round + temp)ψ(canopy cover)ε(.)γ(year + canopy cover) 11 0.00 0.26 
p(broadcast + round + temp)ψ(canopy cover)ε(.)γ(year + % developed) 11 0.29 0.22 
p(broadcast + round + temp)ψ(canopy cover)ε(.)γ(year) 10 2.60 0.07 
p(broadcast + round + temp)ψ(canopy cover)ε(.)γ(.) 9 2.80 0.06 
p(broadcast + round + temp)ψ(canopy cover)ε(.)γ(year + % forest) 11 3.23 0.05 
p(broadcast + round + temp)ψ(canopy cover)ε(.)γ(year + % brush) 11 3.32 0.05 
p(broadcast + round + temp)ψ(canopy cover)ε(.)γ(year + small tree) 11 3.35 0.05 
p(broadcast + round + temp)ψ(canopy cover)ε(.)γ(year + vertical cover) 11 3.36 0.05 
p(broadcast + round + temp)ψ(canopy cover)ε(.)γ(year + % open habitat) 11 4.15 0.03 
p(broadcast + round + temp)ψ(canopy cover)ε(.)γ(year + % crops) 11 4.42 0.03 
p(broadcast + round + temp)ψ(canopy cover)ε(.)γ(year + % shrub) 11 4.45 0.03 
p(broadcast + round + temp)ψ(canopy cover)ε(.)γ(year + medium tree) 11 4.71 0.02 
p(broadcast + round + temp)ψ(canopy cover)ε(.)γ(year + subcanopy height) 11 4.75 0.02 
p(broadcast + round + temp)ψ(canopy cover)ε(.)γ(year + canopy height) 11 4.75 0.02 





Table A.9. Candidate models describing within-season Yellow-billed Cuckoo detection 
probability at the point level. The top model had an AICC of 2080.95. 
Model K ΔAICC wi 
p(broadcast + year + noise)ψ(.)ε(.)γ(.) 7 0.00 1.00 
p(broadcast + year + temp)ψ(.)ε(.)γ(.) 7 34.91 0.00 
p(broadcast + year)ψ(.)ε(.)γ(.) 6 45.50 0.00 
p(broadcast + year + wind)ψ(.)ε(.)γ(.) 7 46.17 0.00 
p(broadcast + year + clouds)ψ(.)ε(.)γ(.) 7 46.92 0.00 
p(broadcast + round)ψ(.)ε(.)γ(.) 7 119.40 0.00 
p(broadcast)ψ(.)ε(.)γ(.) 5 120.39 0.00 
p(year)ψ(.)ε(.)γ(.) 5 151.80 0.00 
p(.)ψ(.)ε(.)γ(.) 4 230.81 0.00 
p(round)ψ(.)ε(.)γ(.) 6 232.61 0.00 
 
 
Table A.10. Candidate models describing within-season Yellow-billed Cuckoo occupancy 
probability at the point level. The top model had an AICC of 2078.35. 
Model K ΔAICC wi 
p(broadcast + year + noise)ψ(subcanopy height)ε(.)γ(.) 8 0.00 0.39 
p(broadcast + year + noise)ψ(% shrub)ε(.)γ(.) 8 1.89 0.15 
p(broadcast + year + noise)ψ(.)ε(.)γ(.) 7 2.60 0.11 
p(broadcast + year + noise)ψ(year)ε(.)γ(.) 8 3.07 0.08 
p(broadcast + year + noise)ψ(% brush)ε(.)γ(.) 8 3.74 0.06 
p(broadcast + year + noise)ψ(vertical cover)ε(.)γ(.) 8 4.04 0.05 
p(broadcast + year + noise)ψ(canopy cover)ε(.)γ(.) 8 4.48 0.04 
p(broadcast + year + noise)ψ(medium tree)ε(.)γ(.) 8 4.51 0.04 
p(broadcast + year + noise)ψ(canopy height)ε(.)γ(.) 8 4.55 0.04 





Table A.11. Candidate models describing within-season Yellow-billed Cuckoo emigration probability at the point level. The top 
model had an AICC of 2077.56. 
 
Model K ΔAICC wi 
p(broadcast + year + noise)ψ(subcanopy height)ε(subcanopy height)γ(.) 9 0.00 0.17 
p(broadcast + year + noise)ψ(subcanopy height)ε(% shrub)γ(.) 9 0.38 0.14 
p(broadcast + year + noise)ψ(subcanopy height)ε(medium tree)γ(.) 9 0.64 0.12 
p(broadcast + year + noise)ψ(subcanopy height)ε(canopy cover)γ(.) 9 0.78 0.12 
p(broadcast + year + noise)ψ(subcanopy height)ε(.)γ(.) 8 0.79 0.12 
p(broadcast + year + noise)ψ(subcanopy height)ε(vertical cover)γ(.) 9 1.15 0.10 
p(broadcast + year + noise)ψ(subcanopy height)ε(canopy height)γ(.) 9 1.94 0.06 
p(broadcast + year + noise)ψ(subcanopy height)ε(round)γ(.) 9 2.75 0.04 
p(broadcast + year + noise)ψ(subcanopy height)ε(% brush)γ(.) 9 2.80 0.04 
p(broadcast + year + noise)ψ(subcanopy height)ε(small tree)γ(.) 9 2.80 0.04 





Table A.12. Candidate models describing within-season Yellow-billed Cuckoo immigration probability at the point level. The top 
model had an AICC of 2057.97. 
 
Model K ΔAICC wi 
p(broadcast + year + noise)ψ(subcanopy height)ε(.)γ(year + subcanopy height) 10 0.00 0.31 
p(broadcast + year + noise)ψ(subcanopy height)ε(.)γ(year + medium tree) 10 0.22 0.28 
p(broadcast + year + noise)ψ(subcanopy height)ε(.)γ(year + canopy height) 10 1.56 0.14 
p(broadcast + year + noise)ψ(subcanopy height)ε(.)γ(year) 9 2.77 0.08 
p(broadcast + year + noise)ψ(subcanopy height)ε(.)γ(year + % shrub) 10 3.39 0.06 
p(broadcast + year + noise)ψ(subcanopy height)ε(.)γ(year + % brush) 10 4.27 0.04 
p(broadcast + year + noise)ψ(subcanopy height)ε(.)γ(year + small tree) 10 4.74 0.03 
p(broadcast + year + noise)ψ(subcanopy height)ε(.)γ(year + canopy cover) 10 4.76 0.03 
p(broadcast + year + noise)ψ(subcanopy height)ε(.)γ(year + vertical cover) 10 4.77 0.03 
p(broadcast + year + noise)ψ(subcanopy height)ε(.)γ(.) 8 20.38 0.00 
p(broadcast + year + noise)ψ(subcanopy height)ε(.)γ(round) 9 20.85 0.00 
 
Table A.13. Candidate models describing within-season Yellow-billed Cuckoo detection probability at the site level. The top model 
had an AICC of 514.99. 
Model K ΔAICC wi 
p(broadcast + point + temp)ψ(.)ε(.)γ(.) 7 0.00 0.24 
p(broadcast + point)ψ(.)ε(.)γ(.) 6 0.16 0.22 
p(broadcast + point + noise)ψ(.)ε(.)γ(.) 7 0.41 0.20 
p(broadcast + point + cloud)ψ(.)ε(.)γ(.) 7 0.71 0.17 
p(broadcast + point + wind)ψ(.)ε(.)γ(.) 7 2.18 0.08 
p(point)ψ(.)ε(.)γ(.) 5 3.17 0.05 
p(broadcast)ψ(.)ε(.)γ(.) 5 3.21 0.05 
p(year)ψ(.)ε(.)γ(.) 5 69.43 0.00 
p(round)ψ(.)ε(.)γ(.) 6 92.63 0.00 
p(.)ψ(.)ε(.)γ(.) 4 93.40 0.00 
86 
 
Table A.14. Candidate models describing within-season Yellow-billed Cuckoo occupancy probability at the site level. The top model 
had an AICC of 510.23. 
Model K ΔAICC wi 
p(broadcast + point + temp)ψ(year + % shrub)ε(.)γ(.) 9 0.00 0.25 
p(broadcast + point + temp)ψ(year + % developed)ε(.)γ(.) 9 0.98 0.16 
p(broadcast + point + temp)ψ(year + % crops)ε(.)γ(.) 9 1.70 0.11 
p(broadcast + point + temp)ψ(year + subcanopy height)ε(.)γ(.) 9 1.86 0.10 
p(broadcast + point + temp)ψ(year + % forest)ε(.)γ(.) 9 1.98 0.09 
p(broadcast + point + temp)ψ(year)ε(.)γ(.) 8 2.73 0.06 
p(broadcast + point + temp)ψ(year + small tree)ε(.)γ(.) 9 3.89 0.04 
p(broadcast + point + temp)ψ(year + canopy height)ε(.)γ(.) 9 4.00 0.03 
p(broadcast + point + temp)ψ(year + % open habitat)ε(.)γ(.) 9 4.30 0.03 
p(broadcast + point + temp)ψ(year + % brush)ε(.)γ(.) 9 4.35 0.03 
p(broadcast + point + temp)ψ(.)ε(.)γ(.) 7 4.76 0.02 
p(broadcast + point + temp)ψ(year + canopy cover)ε(.)γ(.) 9 4.77 0.02 
p(broadcast + point + temp)ψ(year + vertical cover)ε(.)γ(.) 9 4.88 0.02 





Table A.15. Candidate models describing within-season Yellow-billed Cuckoo emigration probability at the site level. The top model 
had an AICC of 483.61. 
Model K ΔAICC wi 
p(broadcast + point + temp)ψ(year + % shrub)ε(year + % developed)γ(.) 11 0.00 0.91 
p(broadcast + point + temp)ψ(year + % shrub)ε(year + % open habitat)γ(.) 11 7.08 0.03 
p(broadcast + point + temp)ψ(year + % shrub)ε(year + canopy cover)γ(.) 10 7.87 0.02 
p(broadcast + point + temp)ψ(year + % shrub)ε(year + % shrub)γ(.) 11 9.16 0.01 
p(broadcast + point + temp)ψ(year + % shrub)ε(year + small tree)γ(.) 11 9.25 0.01 
p(broadcast + point + temp)ψ(year + % shrub)ε(year + vertical cover)γ(.) 11 9.68 0.01 
p(broadcast + point + temp)ψ(year + % shrub)ε(year + medium tree)γ(.) 10 10.08 0.01 
p(broadcast + point + temp)ψ(year + % shrub)ε(year + % crops)γ(.) 11 10.60 0.00 
p(broadcast + point + temp)ψ(year + % shrub)ε(year)γ(.) 10 10.89 0.00 
p(broadcast + point + temp)ψ(year + % shrub)ε(year + canopy height)γ(.) 11 11.14 0.00 
p(broadcast + point + temp)ψ(year + % shrub)ε(year + % brush)γ(.) 11 12.12 0.00 
p(broadcast + point + temp)ψ(year + % shrub)ε(year + subcanopy height)γ(.) 11 12.47 0.00 
p(broadcast + point + temp)ψ(year + % shrub)ε(year + % forest)γ(.) 11 12.78 0.00 
p(broadcast + point + temp)ψ(year + % shrub)ε(.)γ(.) 9 26.62 0.00 





Table A.16. Candidate models describing within-season Yellow-billed Cuckoo immigration probability at the site level. The top 
model had an AICC of 483.61. 
Model K ΔAICC wi 
p(broadcast + point + temp)ψ(year + % shrub)ε(.)γ(year + % developed) 11 0.00 0.91 
p(broadcast + point + temp)ψ(year + % shrub)ε(.)γ(year + % open habitat) 11 7.08 0.03 
p(broadcast + point + temp)ψ(year + % shrub)ε(.)γ(year + canopy cover) 10 7.87 0.02 
p(broadcast + point + temp)ψ(year + % shrub)ε(.)γ(year + % shrub) 11 9.16 0.01 
p(broadcast + point + temp)ψ(year + % shrub)ε(.)γ(year + small tree) 11 9.25 0.01 
p(broadcast + point + temp)ψ(year + % shrub)ε(.)γ(year + vertical cover) 11 9.68 0.01 
p(broadcast + point + temp)ψ(year + % shrub)ε(.)γ(year + medium tree) 10 10.08 0.01 
p(broadcast + point + temp)ψ(year + % shrub)ε(.)γ(year + % crops) 11 10.60 0.00 
p(broadcast + point + temp)ψ(year + % shrub)ε(.)γ(year) 10 10.89 0.00 
p(broadcast + point + temp)ψ(year + % shrub)ε(.)γ(year + canopy height) 11 11.14 0.00 
p(broadcast + point + temp)ψ(year + % shrub)ε(.)γ(year + % brush) 11 12.12 0.00 
p(broadcast + point + temp)ψ(year + % shrub)ε(.)γ(year + subcanopy height) 11 12.47 0.00 
p(broadcast + point + temp)ψ(year + % shrub)ε(.)γ(year + % forest) 11 12.78 0.00 
p(broadcast + point + temp)ψ(year + % shrub)ε(.)γ(.) 9 26.62 0.00 





APPENDIX B: CHAPTER 3 ADDITIONAL AIC TABLES 
 
This appendix includes AIC tables for sub-model sets from Chapter 3. In all detection sub-models (p) I 
considered effects temporal variation (round), year, temperature (temp), noise, wind speed, and cloud 
cover. Point-level occupancy (θ) sub-models included effects of year, number of small trees and medium 
trees, total canopy cover, average maximum canopy height and subcanopy height, vertical vegetation 
cover, shrub cover, and brush cover. Site-level occupancy (ψ) sub-models included the same variables 
averaged across the entire site, and additionally included proportion of the 700 m buffer covered by 
developed land, forest, cultivated crops, and open habitat, but did not include year effects. Emigration (ε) 
and immigration (γ) were modelled as a function of site-level habitat variables. 
 
Table B.1. Candidate models describing between-season Black-billed Cuckoo detection probability. The 
top model had an AICC of 880.03. 
Model K ΔAICC wi 
ψ(.)θ(.)ε(.)γ(.)p(round+noise) 8 0.00 0.62 
ψ(.)θ(.)ε(.)γ(.)p(round+temp) 8 1.01 0.37 
ψ(.)θ(.)ε(.)γ(.)p(round) 7 10.85 0.00 
ψ(.)θ(.)ε(.)γ(.)p(round+wind) 8 12.60 0.00 
ψ(.)θ(.)ε(.)γ(.)p(round+cloud) 8 12.82 0.00 
ψ(.)θ(.)ε(.)γ(.)p(.) 5 52.20 0.00 
ψ(.)θ(.)ε(.)γ(.)p(year) 6 54.98 0.00 
 
 
Table B.2. Candidate models describing between-season Black-billed Cuckoo site-level occupancy 
probability. The top model had an AICC of 880.03. 
Model K ΔAICC wi 
ψ(.)θ(.)ε(.)γ(.)p(round+noise) 8 0.00 0.16 
ψ(% developed)θ(.)ε(.)γ(.)p(round+noise) 9 0.16 0.15 
ψ(% crops)θ(.)ε(.)γ(.)p(round+noise) 9 0.92 0.10 
ψ(canopy cover)θ(.)ε(.)γ(.)p(round+noise) 9 1.03 0.10 
ψ(% open)θ(.)ε(.)γ(.)p(round+noise) 9 1.15 0.09 
ψ(% brush)θ(.)ε(.)γ(.)p(round+noise) 9 2.02 0.06 
ψ(% forest)θ(.)ε(.)γ(.)p(round+noise) 9 2.13 0.06 
ψ(small tree)θ(.)ε(.)γ(.)p(round+noise) 9 2.14 0.05 
ψ(medium tree)θ(.)ε(.)γ(.)p(round+noise) 9 2.34 0.05 
ψ(vertical cover)θ(.)ε(.)γ(.)p(round+noise) 9 2.38 0.05 
ψ(% shrub)θ(.)ε(.)γ(.)p(round+noise) 9 2.41 0.05 
ψ(canopy height)θ(.)ε(.)γ(.)p(round+noise) 9 2.52 0.05 




Table B.3. Candidate models describing between-season Black-billed Cuckoo point-level occupancy 
probability. The top model had an AICC of 869.22. 
Model K ΔAICC wi 
ψ(.)θ(vertical cover)ε(.)γ(.)p(round+noise) 9 0.00 0.91 
ψ(.)θ(subcanopy height)ε(.)γ(.)p(round+noise) 9 6.03 0.04 
ψ(.)θ(% shrub)ε(.)γ(.)p(round+noise) 9 7.93 0.02 
ψ(.)θ(canopy cover)ε(.)γ(.)p(round+noise) 9 9.47 0.01 
ψ(.)θ(canopy height)ε(.)γ(.)p(round+noise) 9 9.83 0.01 
ψ(.)θ(.)ε(.)γ(.)p(round+noise) 8 10.81 0.00 
ψ(.)θ(medium tree)ε(.)γ(.)p(round+noise) 9 11.44 0.00 
ψ(.)θ(year)ε(.)γ(.)p(round+noise) 9 12.44 0.00 
ψ(.)θ(small tree)ε(.)γ(.)p(round+noise) 9 13.19 0.00 
ψ(.)θ(% brush)ε(.)γ(.)p(round+noise) 9 13.34 0.00 
 
 
Table B.4. Candidate models describing between-season Black-billed Cuckoo emigration probability. 
The top model had an AICC of 862.49. 
Model K ΔAICC wi 
ψ(.)θ(vertical cover)ε(% forest)γ(.)p(round+noise) 10 0.00 0.74 
ψ(.)θ(vertical cover)ε(canopy cover)γ(.)p(round+noise) 10 4.08 0.10 
ψ(.)θ(vertical cover)ε(medium tree)γ(.)p(round+noise) 10 5.61 0.04 
ψ(.)θ(vertical cover)ε(.)γ(.)p(round+noise) 9 6.73 0.03 
ψ(.)θ(vertical cover)ε(canopy height)γ(.)p(round+noise) 10 7.29 0.02 
ψ(.)θ(vertical cover)ε(% open)γ(.)p(round+noise) 10 7.74 0.02 
ψ(.)θ(vertical cover)ε(vertical cover)γ(.)p(round+noise) 10 8.10 0.01 
ψ(.)θ(vertical cover)ε(small tree)γ(.)p(round+noise) 10 8.76 0.01 
ψ(.)θ(vertical cover)ε(% crops)γ(.)p(round+noise) 10 8.85 0.01 
ψ(.)θ(vertical cover)ε(% developed)γ(.)p(round+noise) 10 8.93 0.01 
ψ(.)θ(vertical cover)ε(% brush)γ(.)p(round+noise) 10 9.05 0.01 
ψ(.)θ(vertical cover)ε(% shrub)γ(.)p(round+noise) 10 9.21 0.01 





Table B.5. Candidate models describing between-season Black-billed Cuckoo immigration probability. 
The top model had an AICC of 868.48. 
Model K ΔAICC wi 
ψ(.)θ(vertical cover)ε(.)γ(canopy height)p(round+noise) 10 0.00 0.19 
ψ(.)θ(vertical cover)ε(.)γ(% open)p(round+noise) 10 0.15 0.18 
ψ(.)θ(vertical cover)ε(.)γ(.)p(round+noise) 9 0.74 0.13 
ψ(.)θ(vertical cover)ε(.)γ(vertical cover)p(round+noise) 10 1.07 0.11 
ψ(.)θ(vertical cover)ε(.)γ(% forest)p(round+noise) 10 1.72 0.08 
ψ(.)θ(vertical cover)ε(.)γ(canopy cover)p(round+noise) 10 2.65 0.05 
ψ(.)θ(vertical cover)ε(.)γ(% crops)p(round+noise) 10 2.82 0.05 
ψ(.)θ(vertical cover)ε(.)γ(medium tree)p(round+noise) 10 3.34 0.04 
ψ(.)θ(vertical cover)ε(.)γ(small tree)p(round+noise) 10 3.34 0.04 
ψ(.)θ(vertical cover)ε(.)γ(subcanopy height)p(round+noise) 10 3.34 0.04 
ψ(.)θ(vertical cover)ε(.)γ(% shrub)p(round+noise) 10 3.34 0.04 
ψ(.)θ(vertical cover)ε(.)γ(% brush)p(round+noise) 10 3.34 0.04 
ψ(.)θ(vertical cover)ε(.)γ(% developed)p(round+noise) 10 3.34 0.04 
 
 
Table B.6. Candidate models describing between-season Yellow-billed Cuckoo detection probability. 
The top model had an AICC of 1749.81. 
Model K ΔAICC wi 
ψ(.)θ(.)ε(.)γ(.)p(year+temp) 7 0.00 0.96 
ψ(.)θ(.)ε(.)γ(.)p(year) 6 6.29 0.04 
ψ(.)θ(.)ε(.)γ(.)p(year+noise) 7 13.60 0.00 
ψ(.)θ(.)ε(.)γ(.)p(year+cloud) 7 19.42 0.00 
ψ(.)θ(.)ε(.)γ(.)p(year+wind) 7 20.72 0.00 
ψ(.)θ(.)ε(.)γ(.)p(round) 7 22.28 0.00 




Table B.7. Candidate models describing between-season Yellow-billed Cuckoo site-level occupancy 
probability. The top model had an AICC of 1713.25. 
Model K ΔAICC wi 
ψ(% developed)θ(.)ε(.)γ(.)p(year+temp) 8 0.00 0.97 
ψ(canopy height)θ(.)ε(.)γ(.)p(year+temp) 8 10.19 0.01 
ψ(% forest)θ(.)ε(.)γ(.)p(year+temp) 8 10.70 0.00 
ψ(% crops)θ(.)ε(.)γ(.)p(year+temp) 8 10.80 0.00 
ψ(.)θ(.)ε(.)γ(.)p(year+temp) 7 11.16 0.00 
ψ(canopy cover)θ(.)ε(.)γ(.)p(year+temp) 8 12.00 0.00 
ψ(small tree)θ(.)ε(.)γ(.)p(year+temp) 8 12.69 0.00 
ψ(% shrub)θ(.)ε(.)γ(.)p(year+temp) 8 12.84 0.00 
ψ(medium tree)θ(.)ε(.)γ(.)p(year+temp) 8 13.16 0.00 
ψ(vertical cover)θ(.)ε(.)γ(.)p(year+temp) 8 13.26 0.00 
ψ(% forest)θ(.)ε(.)γ(.)p(year+temp) 8 13.26 0.00 
ψ(subcanopy height)θ(.)ε(.)γ(.)p(year+temp) 8 13.30 0.00 
ψ(% brush)θ(.)ε(.)γ(.)p(year+temp) 8 13.52 0.00 
 
 
Table B.8. Candidate models describing between-season Yellow-billed Cuckoo point-level occupancy 
probability. The top model had an AICC of 1705.35. 
Model K ΔAICC wi 
ψ(% developed)θ(year+subcanopy height)ε(.)γ(.)p(year+temp) 10 0.00 0.85 
ψ(% developed)θ(year)ε(.)γ(.)p(year+temp) 9 6.32 0.04 
ψ(% developed)θ(year+medium tree)ε(.)γ(.)p(year+temp) 10 7.36 0.02 
ψ(% developed)θ(.)ε(.)γ(.)p(year+temp) 8 7.89 0.02 
ψ(% developed)θ(year+canopy height)ε(.)γ(.)p(year+temp) 10 8.21 0.01 
ψ(% developed)θ(year+canopy cover)ε(.)γ(.)p(year+temp) 10 8.22 0.01 
ψ(% developed)θ(year+vertical cover)ε(.)γ(.)p(year+temp) 10 8.33 0.01 
ψ(% developed)θ(year+small tree)ε(.)γ(.)p(year+temp) 10 8.38 0.01 
ψ(% developed)θ(year+% shrub)ε(.)γ(.)p(year+temp) 10 8.72 0.01 





Table B.9. Candidate models describing between-season Yellow-billed Cuckoo emigration probability. The top model had an AICC of 1702.76. 
Model K ΔAICC wi 
ψ(% developed)θ(year+subcanopy height)ε(0)γ(.)p(year+temp) 9 0.00 0.47 
ψ(% developed)θ(year+subcanopy height)ε(.)γ(.)p(year+temp) 10 2.60 0.13 
ψ(% developed)θ(year+subcanopy height)ε(small tree)γ(.)p(year+temp) 11 5.27 0.03 
ψ(% developed)θ(year+subcanopy height)ε(medium tree)γ(.)p(year+temp) 11 5.27 0.03 
ψ(% developed)θ(year+subcanopy height)ε(canopy cover)γ(.)p(year+temp) 11 5.27 0.03 
ψ(% developed)θ(year+subcanopy height)ε(canopy height)γ(.)p(year+temp) 11 5.27 0.03 
ψ(% developed)θ(year+subcanopy height)ε(subcanopy height)γ(.)p(year+temp) 11 5.27 0.03 
ψ(% developed)θ(year+subcanopy height)ε(vertical cover)γ(.)p(year+temp) 11 5.27 0.03 
ψ(% developed)θ(year+subcanopy height)ε(% shrub)γ(.)p(year+temp) 11 5.27 0.03 
ψ(% developed)θ(year+subcanopy height)ε(% brush)γ(.)p(year+temp) 11 5.27 0.03 
ψ(% developed)θ(year+subcanopy height)ε(% developed)γ(.)p(year+temp) 11 5.27 0.03 
ψ(% developed)θ(year+subcanopy height)ε(% forest)γ(.)p(year+temp) 11 5.27 0.03 
ψ(% developed)θ(year+subcanopy height)ε(% crops)γ(.)p(year+temp) 11 5.27 0.03 





Table B.10. Candidate models describing between-season Yellow-billed Cuckoo immigration probability. The top model had an AICC of 1700.89. 
Model K ΔAICC wi 
ψ(% developed)θ(year+subcanopy height)ε(.)γ(canopy cover)p(year+temp) 11 0.00 0.48 
ψ(% developed)θ(year+subcanopy height)ε(.)γ(% shrub)p(year+temp) 11 3.39 0.09 
ψ(% developed)θ(year+subcanopy height)ε(.)γ(% developed)p(year+temp) 11 3.60 0.08 
ψ(% developed)θ(year+subcanopy height)ε(.)γ(% brush)p(year+temp) 11 4.31 0.06 
ψ(% developed)θ(year+subcanopy height)ε(.)γ(.)p(year+temp) 10 4.46 0.05 
ψ(% developed)θ(year+subcanopy height)ε(.)γ(small tree)p(year+temp) 11 4.47 0.05 
ψ(% developed)θ(year+subcanopy height)ε(.)γ(% forest)p(year+temp) 11 4.64 0.05 
ψ(% developed)θ(year+subcanopy height)ε(.)γ(% open)p(year+temp) 11 5.30 0.03 
ψ(% developed)θ(year+subcanopy height)ε(.)γ(subcanopy height)p(year+temp) 11 5.55 0.03 
ψ(% developed)θ(year+subcanopy height)ε(.)γ(canopy height)p(year+temp) 11 5.57 0.03 
ψ(% developed)θ(year+subcanopy height)ε(.)γ(medium tree)p(year+temp) 11 6.45 0.02 
ψ(% developed)θ(year+subcanopy height)ε(.)γ(% crops)p(year+temp) 11 6.51 0.02 
ψ(% developed)θ(year+subcanopy height)ε(.)γ(vertical cover)p(year+temp) 11 7.10 0.01 
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APPENDIX C: BLACK-BILLED CUCKOO TELEMETRY STUDY 
 
METHODS 
In 2020 I conducted a Black-billed Cuckoo telemetry study to examine space use and foraging 
habits. I selected sites to target net for cuckoos based on positive detections from presence 
absence surveys. After completing a survey, I returned to where a Black-billed Cuckoo was 
originally detected and attempted to relocate it. If it seemed to be using a specific area or showed 
evidence of breeding (e.g., observed with a second bird, carrying nest material or food), I 
returned to the site within several days to try to capture it. Before sunrise, I set up two double-
high, 38mm mist nets. I placed speakers on either side of the nets and played a combination of 
“croak”, “cucucu”, and distress calls as an audio lure. After capturing an individual, I collected 
morphometrics and collected a feather sample for genetic sexing, and attached an aluminum 
USGS band and unique color bands. I then fit birds with a 1.1g VHF radio transmitter from 
Lotek, model Pip(Ag392), using a leg loop harness, but only if transmitter weight did not exceed 
3% of the individual’s body weight. Birds were then released and I waited a minimum of 4 hours 
to begin tracking. 
I tracked birds every 1-4 days until they left the area and calculated tracking time 
between day of capture and day of the final tracking bout. I collected GPS coordinates every 30 
minutes and recorded height of the individual, behavior (perched, flying, foraging, vocalizing, 
incubating), vocalization type, and support species if it was in vegetation. After completing 
tracking, we calculated the maximum convex polygon (MCP) for each individual using 
Geographic Information Systems. Based on size of the MCP, I selected random non-use points 
and a subset of use points at a ratio of 1 point of each type per 2 hectares MCP where I sampled 
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vegetation. After losing a signal, I covered the site on foot and then drove in concentric circles 
around the site up to 6 km away from the core home-range. I looked for birds on the subsequent 
two days to make sure they did not return to the area. 
I calculated daily movement using distances between subsequent points within the same 
tracking bout and between bout movements as the distance between the final point from the 
previous bout and first point from the following bout. I calculated average maximum tree canopy 
height at use points to compare to observed foraging height. 
 
RESULTS AND DISCUSSION 
I caught 7 individuals. One bird was too light to carry a transmitter and was released after being 
banded. I could not detect one bird when we returned for a tracking bout the day after capture. I 
tracked the remaining individuals an average of 9.2 days before they left receiver range (Table 
C.1), however one of these five birds left the area after I had collected only 1 GPS point. The 4 
remaining individuals had an average MCP of 14.9 ha (Fig. C.1) and I found that, on average, 
birds moved 136 m between forging observations and 258 m between subsequent tracking bouts 
(Table C.1). 
Movements over 250 m would likely make an individual unavailable to be perceived by 
an observer returning to a stationary survey point, supporting my previous findings that Black-
billed Cuckoos move greater distances within their home ranges (Chapter 2). All birds also left 
what seemed to be their core home-range shortly after capture, corroborating previous evidence 
of within-season movement out of sites (Chapter 2). Interestingly, two radio-tagged individuals, 
one male and one female, had active nests but seemed to leave the area before their nests 
fledged. Both nests still had fledglings and there was no sign of predation at the point the adults 
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left. I continued to monitor the nests, and all nestlings seemed to fledge successfully as no dead 
nestlings remained in the nests and there was no sign of predation. Stauffer and Best (1980) 
noted that 1 of 5 Black-billed Cuckoo nests they found was deserted prior to fledging and 
Halterman (2009) found that some female Western Yellow-billed Cuckoos will desert nestlings 
to start a nest with a new male. The length of time Black-billed Cuckoos remained at the site 
they were captured was related to whether they were caring for young and seemingly not related 
to date of capture (Table D.2). The two individuals with nests, and one seen with a fledgling, 
remained in the area longest, while non-breeding individuals departed soon after capture in both 
early June and late June or early July. This suggests that although within-season movement is 
common, it is somewhat constrained when birds are actively breeding. Using GPS transmitters 





TABLES AND FIGURE 
 
Table C.1. Summary of observations collected when tracking radio-tagged Black-billed 
Cuckoos. Tracking time was calculated as the time between capture and the final tracking bout. 
Daily movements were calculated as distances between subsequent points during a tracking bout. 
Between bout movement was calculated as the distance between the final GPS point from the 
previous tracking bout and the first GPS point of the following tracking bout. Available 
vegetation height was calculated from the average maximum tree canopy heights recorded at 
foraging points. 
 Mean SE Min. Max. 
Tracking Time (days) 9.2 2.6 2 18 
Daily Movement (m) 136.3 19 0 498.7 
Between Bout Movement (m) 258.5 84.5 0 1161.1 
MCP (ha) 14.9 1.1 11.6 17.8 
Foraging Height (m) 3.5 0.4 0.3 13 
Available Vegetation Height (m) 7.5 1 0 24.4 
 
 
Table C.2. Capture date and final tracking bout of radio-tagged Black-billed Cuckoos. Evidence 
of breeding is described in the notes. Birds were captured in northern Illinois in 2020. 
ID Capture Final Bout 
# Days 
Present Notes 
YB 6/2 6/19 18 nest 
GR 6/6 6/16 11 nest 
RY 6/6 6/9 4  
OB 6/11 NA 0 lost before first tracking bout 
GO 6/23 7/3 11 fledgling 
BO 6/25 NA 0 too light, no transmitter 





Fig. C.1. Maps of foraging locations (yellow points) and MCPs for 4 radio-tagged Black-billed 
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APPENDIX D: BLACK-BILLED CUCKOO DIET ANALYSIS 
 
I collected 4 fecal samples from adult Black-billed Cuckoos and 1 fecal sample from a nestling 
Black-billed Cuckoo to use in a diet analysis. These samples were processed at Northern Arizona 
University in Dr. Jeff Foster’s lab. Sample processing targeted the COI gene and used 
VSEARCH (Rognes et al. 2016) to assign insect taxonomy. When taxonomic resolution for 
genetic features was poor I used NCBI’s BLAST service (Altschul et al. 1990). I found Black-
billed Cuckoos in this study were primarily eating Lepidopterans, with most genetic reads 
assigned to the family Erebidae (Table C.1). There was also evidence they eat Dipterans and 
Isopods. 
 
Table D. 1. Taxonomic classification of genetic samples presents in 5 Black-billed Cuckoo fecal 
samples collected in northern Illinois in 2020. 
# Samples 
Present Class Order Family Species 
 Insecta    
3  Diptera   
2   Drosophilidae  
2    Drosophila sp. 
1    Drosophila suzukii 
1   Tachinidae  
1    Winthemia sp. 
4  Lepidoptera   
4   Erebidae  
2    Ctenucha virginica 
1    Scoliopteryx libatrix 
1    Spilosoma virginica 
1    Orgyia leucostigma 
1   Sphingidae  
1    Deidamia inscriptum 
2   Noctuidae  
1    Amphipyra pyramidoides 
1    Acronicta dactylina 
1 Malacostraca    
1  Isopoda   
1   Trachelipodidae  
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